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ABSTRACT 
 
The studies were performed to investigate the effects of 
bleeding level, age and splenectomy on physiological responses to 
haemorrhage in goats. 
In experiment 1, the effects of two levels of bleeding (15% and 
30%) were evaluated in adult goats. The magnitude of  haemorrhage 
was expressed as percentage of initial total blood volume after plasma 
volume determination by dye dilution .The groups subjected to 
haemorrhage had higher rectal temperature (Tr), respiration rate (RR) 
and heart rate (HR) compared to the control ; the responses of these 
parameters were more marked with the higher level of bleeding .The 
treated groups had lower PCV, Hb concentration and TLC compared 
to the control ; they were significantly lower with high level of 
bleeding compared to the control .The  ratios of lymphocytes, 
monocytes and eosinophils decreased, whereas the neutrophil ratio 
increased in treated groups compared to the control .  
The treated groups had lower serum protein and albumin 
concentrations compared to the control. The serum urea and plasma 
glucose levels were higher in treated groups compared to the control 
and they increased with the increase of bleeding level. The treated 
groups had lower serum Na, Ca and Mg concentrations compared to 
the control . The  levels of these minerals decreased with increase of 
bleeding level. 
   In experiment 2, the effects of age of goats ( young : 3 months ; 
old :3  years) on physiological responses to 20% haemorrhage have 
been assessd. Both age groups had higher Tr, RR and HR in response 
to haemorrhage ; the increase in Tr and RR was more pronounced in 
young animals. The PCV, Hb concentration and TCL were lower in 
haemorrhaged young and adult groups and the decline was more 
pronounced in adult goats. The decrease in lymphocyte and eosinophil 
ratios and increase in neutrophil and monocyte ratios were more 
pronounced in adult goats. Haemorrhage resulted in lower serum total 
protein and albumin levels in young and adult goats. The serum urea 
was higher in both age groups, and the rise was more pronounced in 
adult group . The post-haemorrhage increase in plasma glucose level 
was more marked in young animals compared to the adults.The serum 
Na level decreased in both treated age groups. 
In experiment 3, the effect of splenectomy on haemotological 
responses were investigated in adult goats. The splenectomized group 
maintained lower PCV and Hb concentration ; reticulocytosis was 
reported in splenectomized animals . After splenectomy, the 
lymphocyte and monocyte ratios were lower and the neutrophil and 
eosinophil ratios were higher compared to the sham operated control . 
Splenectomy increased the thrombocyte count compared to the sham 
operated control . Splenectomy also resulted in non–significant 
decrease in serum total protein ; the serum albumin and urea levels 
were not influenced by splenectomy. The sham operated control and 
splenectomized animals had higher plasma glucose level after surgical 
operation. Serum Na level was not influenced significantly by 
splenectomy. 
In experiment 4, the effect of 25% haemorrhage on 
physiological reponses were evaluated in sham-operated and 
splenectomized adult goats. Haemorrhaged groups had higher Tr, RR 
and HR values; the rise in Tr and RR was more pronounced in 
splenectomized animals . The PCV, Hb concentration and TLC were 
lower in splenectomized  group immediately post-haemorrhage . The 
haemorrhaged groups had lower lymphocyte, eosinophil and 
monocyte ratios and higher neutrophil ratio ; the changes in these 
indices were more pronounced in splenectomized animals. The serum 
total protein and albumin levels were lower in haemorrhaged groups; 
the decline was more marked in splenectomized animals . The plasma 
glucose level increased significantly in haemorrhaged animals ; the 
rise was more marked in splenectomized animals. Haemorrhaged 
groups had lower serum Na levels. 
In experiment 5, the effects of aderenaline injection (1mg/ml) 
on physiological responses were investigated in normal and 
splenectomized animals. Normal and splenectomized groups had 
higher RR and HR ;  the rise of HR was more pronounced in 
spelenctomized animals. Adrenaline increased the PCV only in 
normal animals .The TLC increased in response to adrenaline in both 
groups; the rise was more marked  in normal animals. In both groups, 
the ratios of  lymphocytes and monocytes ratios decreased and 
neutorphil ratio increased in response to adrenaline injection . Serum 
total protein level was not influenced by injection of adrenaline in 
both experimental groups. Adrenaline increased serum albumin level 
in normal animals only. Normal and spelenctomized groups had 
higher plasma glucose levels in response to adrenaline and the rise 
was more marked in splenectomized group. Serum Na level decreased 
in both groups after adrenaline injection.  
The results reported in this thesis which were related to 
haematological changes and homeostatic mechanisms involved in 
restoration of normal blood constituents and influences of age and 
splenectomy were discussed in the light of previous findings in the 
literature . The studies indicate that the goat can be adopted as a valid 
research model in investigations of experimental haemorrhage and 
splenectomy. The findings have implications in the fields of veterinary 
haematology and surgery and comparative medicine. 
 
 
 ﺧﻼﺻﺔ اﻻﻃﺮوﺣﺔ
 واﻟѧﺴﻦ وإزاﻟѧﺔ  )egahrromeaH( ﻣѧﺴﺘﻮى اﻟﻨѧﺰف ات ﺗѧﺄﺛﻴﺮ  ﻻﺳﺘﻘѧﺼﺎء هﺪﻓﺖ اﻟﺪراﺳѧﺎت          
  .ﻋﻠﻰ اﻻﺳﺘﺠﺎﺑﺎت اﻟﻔﺴﻴﻮﻟﻮﺟﻴﺔ ﻓﻲ اﻟﻤﺎﻋﺰ)ymotcenelpS( اﻟﻄﺤﺎل 
 ﻋﻠѧﻰ اﻻﺳѧﺘﺠﺎﺑﺎت  %(03 – %51)ﻓﻲ اﻟﺘﺠﺮﺑﺔ اﻷوﻟﻰ ﺗﻢ ﺗﻘﻴѧﻴﻢ أﺛѧﺮ ﻣѧﺴﺘﻮى اﻟﻨѧﺰف 
آﻤﻴѧﺔ اﻟﻨѧﺰف ﺗѧﻢ ﺗﻘﻴﻴﻤﻬѧﺎ آﻨѧﺴﺒﺔ ﻣﺌﻮﻳѧﺔ  . ﻓѧﻲ اﻟﻤѧﺎﻋﺰ   )sesnopser lacigoloisyhP(اﻟﻔﺴﻴﻮﻟﻮﺟﻴﺔ
 ﺾ اﻟﻘﻠѧѧﺐ ﻧѧѧﺒ ارﺗﻔﻌѧѧﺖ درﺟѧѧﺔ ﺣѧѧﺮارة اﻟﺠѧѧﺴﻢ وﻣﻌѧѧﺪل اﻟﺘѧѧﻨﻔﺲ وﻣﻌѧѧﺪل .اﻟﻜﻠѧѧﻰ ﻟﻠѧѧﺪم ﺤﺠѧѧﻢ ﻣѧѧﻦ اﻟ
اﻧﺨﻔѧﺾ .   ﻣѧﻊ زﻳѧﺎدة ﻣѧﺴﺘﻮى اﻟﻨѧﺰفﺖارﺗﻔﻌѧ هѧﺬﻩ اﻟﻤﻌѧﺪﻻت. ﺑﻌѧﺪ اﻟﻨѧﺰف     )etar traeH(
ﻟﻌѧѧѧﺪ اﻟﻜﻠѧѧѧﻲ ﻟﻜﺮﻳѧѧѧﺎت اﻟѧѧѧﺪم  وا)nibolgomeaH(اﻟﻬﻴﻤﻮﻗﻠѧѧѧﻮﺑﻴﻦﺗﺮآﻴѧѧѧﺰ و )VCP(ﻣﻜѧѧѧﺪاس اﻟѧѧѧﺪم 
ﺖ اﻟﻨѧﺴﺒﺔ اﻟﻤﺌﻮﻳѧﺔ ﻟﻜѧﻞ اﻧﺨﻔѧﻀ   . ﻣﻊ زﻳѧﺎدة ﻣѧﺴﺘﻮى اﻟﻨѧﺰف  )tnuoc etycokuel latoT(اﻟﺒﻴﻀﺎء
.   اﻟﺨﻼﻳѧѧﺎ اﻟﻤﺘﻌﺎدﻟѧѧﺔ ﺖ  ﻧѧѧﺴﺒﺔاﻟﺨﻼﻳѧѧﺎ اﻟﻠﻴﻤﻔﻴѧѧﺔ ووﺣﻴѧѧﺪات اﻟﻨѧѧﻮاة واﻟﺤﻤѧѧﻀﻴﺔ ﺑﻴﻨﻤѧѧﺎ ارﺗﻔﻌѧѧ  ﻣѧѧﻦ 
ﻳﻮرﻳѧѧѧﺎ  اﻟﺒѧѧѧﺮوﺗﻴﻦ اﻟﻜﻠѧѧѧﻲ واﻷﻟﺒѧѧѧﻮﻣﻴﻦ ﻓѧѧѧﻲ ﻣѧѧѧﺼﻞ اﻟѧѧѧﺪم ﺑﻴﻨﻤѧѧѧﺎ ارﺗﻔѧѧѧﻊ ﺗﺮآﻴѧѧѧﺰ  ﺗﺮآﻴѧѧѧﺰ اﻧﺨﻔѧѧѧﺾ
آﺎﻟѧﺴﻴﻮم , آﻴѧﺰ ﺻѧﻮدﻳﻮم اض ﺗﺮﺎاﻧﺨﻔѧ . ﻳﺎدة ﻣѧﺴﺘﻮى اﻟﻨѧﺰف  ز ﻣﻊ ) level esoculG(زوﺟﻠﻮآﻮ
   .ﻳﺎدة ﻣﺴﺘﻮى اﻟﻨﺰفز ﻣﻊ آﺎن اوﺿﺢﻤﺼﻞ ﻟ  اوﻣﺎﻏﻨﻴﺰﻳﻮم ﻓﻲ
ﺮ ﻋﺎﻣѧﻞ اﻟѧﺴﻦ ﻋﻠѧﻰ اﻻﺳѧﺘﺠﺎﺑﺎت اﻟﻔѧﺴﻴﻮﻟﻮﺟﻴﺔ ﻟﻠﻨѧﺰف ﺛﻴﺄﺗѧ  ﺗﻘﻴѧﻴﻢ  ﻓﻲ اﻟﺘﺠﺮﺑﺔ اﻟﺜﺎﻧﻴﺔ ﺗѧﻢ 
 اﻟﻘﻠѧﺐ ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺎت  ﻧѧﺒﺾ ﻨﻔﺲ وﻣﻌѧﺪل ﻣﻌѧﺪل اﻟﺘѧ ,   اﻟﺠѧﺴﻢ ﺣѧﺮارة  درﺟѧﺔ  ارﺗﻔﻌﺖ%(. 02)
 )gnuoY(ع درﺟѧﺔ اﻟﺤѧﺮارة واﻟﺘѧﻨﻔﺲ ﻓѧﻲ اﻟﻤѧﺎﻋﺰ ﺻѧﻐﻴﺮة اﻟѧﺴﻦﺎ ارﺗﻔѧ ,اﻟﺘѧﻰ ﺗﻌﺮﺿѧﺖ ﻟﻠﻨѧﺰف
اﻟﻬﻴﻤﻮﻗﻠﻮﺑﻴﻦ واﻟﻌﺪ اﻟﻜﻠѧﻲ ﺗﺮآﻴﺰ اﻧﺨﻔﺾ ﻣﻜﺪاس اﻟﺪم و. )tludA(  أﻋﻠﻰ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺎﻋﺰ اﻟﺒﺎﻟﻐﺔ
 أوﺿѧﺢ  آѧﺎن ﻧﺨﻔѧﺎض هѧﺬا اﻻ   ,ﻠﻨѧﺰف ﻟ  اﻟﺘѧﻰ ﺗﻌﺮﺿѧﺖ ﻤﺠﻤﻮﻋѧﺎت ﻟ  ا ﻟﻜﺮﻳﺎت اﻟﺪم اﻟﺒﻴﻀﺎء ﻓﻲ 
 اﻟﺨﻼﻳѧﺎ ﻧѧﺴﺐ ﺑﻴﻨﻤѧﺎ ارﺗﻔﻌѧﺖ  اﻟﺨﻼﻳﺎ اﻟﻠﻴﻤﻔﻴﺔ واﻟﺤﻤﻀﻴﺔ ﻧﺴﺐاﻧﺨﻔﻀﺖ .  ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ اﻟﺒﺎﻟﻐﺔ 
 اﻟﺒѧﺮوﺗﻴﻦ اﻟﻜﻠѧﻲ وأﻟﺒﻴѧﻮﻣﻴﻦ  ﺗﺮاآﻴѧﺰ ﺖاﻧﺨﻔѧﻀ .  اﻟﻨѧﺰف ﻓѧﻰ ﻣﺠﻤﻮﻋѧﺎت اﻟﻤﺘﻌﺎدﻟﺔ ووﺣﻴﺪة اﻟﻨﻮاة 
. ﻟﺒﺎﻟﻐѧﺔ  ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺔ ا ًﺎﺣﻮوﺿѧ  آﺎن اآﺜѧﺮ  اﻟﻴﻮرﻳﺎ  ﻓﻰ ﺗﺮآﻴﺰ عﺎرﺗﻔاﻻ. ﻨﺰف ﻣﺠﻤﻮﻋﺎت اﻟ  ﻓﻲ
 ﺎ ﻓﻲ اﻟﻤﺠﻤﻮﻋѧﺔ ﺻѧﻐﻴﺮة اﻟѧﺴﻦ اآﺜﺮ وﺿﻮﺣ ًﺑﻌﺪ اﻟﻨﺰف آﺎن ﺟﻠﻮآﻮز   ﻓﻰ ﺗﺮآﻴﺰ عﺎرﺗﻔاﻳﻀًﺎ اﻻ 
  .ًﺎ ﻣﻌﻨﻮﻳﻟﻢ ﻳﻜﻦ ﺗﺮآﻴﺰ ﺻﻮدﻳﻮم ﻓﻲ اﻟﻤﺠﻤﻮﻋﺎت اﻟﺴﻨﻴﺔ اﻟﻤﻌﺎﻟﺠﺔ  ﻓﻰضﺎﻧﺨﻔاﻻ. 
 ﻓѧﻰ ﻓѧﻲ اﻟﺘﺠﺮﺑѧﺔ اﻟﺜﺎﻟﺜѧﺔ ﺗﻤѧﺖ دراﺳѧﺔ أﺛѧﺮ ازاﻟѧﺔ اﻟﻄﺤѧﺎل ﻋﻠѧﻰ اﺳѧﺘﺠﺎﺑﺔ ﻣﻜﻮﻧѧﺎت اﻟѧﺪم 
 ﺧﻼﻳѧѧѧﺎ ﺷѧѧѧﺒﻜﻴﺔ ﻇﻬѧѧѧﺮت,    اﻟﻬﻴﻤﻮﻗﻠѧѧѧﻮﺑﻴﻦ ﺗﺮآﻴѧѧѧﺰ، ﻔѧѧѧﻊ ﻣﻜѧѧѧﺪاس اﻟѧѧѧﺪم ارﺗ. اﻟﺤﻴﻮاﻧѧѧѧﺎت اﻟﺒﺎﻟﻐѧѧѧﺔ 
ﺑﻌѧﺪ . اﻧﺨﻔﺾ اﻟﻌﺪ اﻟﻜﻠﻲ ﻟﻜﺮﻳﺎت اﻟﺪم اﻟﺒﻴﻀﺎء ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ ﻣﺰاﻟﺔ اﻟﻄﺤﺎل و )setycoluciteR(
 ﻧѧѧﺴﺒﺔﻠﺨﻼﻳѧѧﺎ اﻟﻴﻤﻔﻴѧѧﺔ ووﺣﻴѧѧﺪة اﻟﻨѧѧﻮاة ﺑﻴﻨﻤѧѧﺎ ارﺗﻔﻌѧѧﺖ ﻟ  اﻟﻤﺌﻮﻳѧѧﺔ ﺔاﻟﻨѧѧﺴﺒازاﻟѧѧﺔ اﻟﻄﺤѧѧﺎل اﻧﺨﻔѧѧﻀﺖ 
ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺔ ﻣﺰاﻟѧﺔ  )steletalP(ﻊ ﻋѧﺪد اﻟѧﺼﻔﺎﺋﺢ اﻟﺪﻣﻮﻳѧﺔ ارﺗﻔѧ .  اﻟﺨﻼﻳﺎ اﻟﻤﺘﻌﺎدﻟﺔ واﻟﺤﻤﻀﻴﺔ 
 اﻟﺒﻴѧﻮﻣﻴﻦ ﺗﺮآﻴѧﺰ ﺎ ﻏﻴѧﺮ ﻣﻌﻨѧﻮي وﻟѧﻢ ﻳﺘѧﺄﺛﺮ اﻟﺒѧﺮوﺗﻴﻦ اﻟﻜﻠѧﻲ اﻧﺨﻔﺎًﺿѧ ﺗﺮآﻴѧﺰ اﻧﺨﻔѧﺾ.  اﻟﻄﺤѧﺎل
  ﻣѧﺴﺘﻮى ارﺗﻔﻊ. واﻟﻴﻮرﻳﺎ ﻣﻌﻨﻮﻳﺎ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ ﻣﺰاﻟﺔ اﻟﻄﺤﺎل ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻤﺠﻤﻮﻋﺔ ﻏﻴﺮ اﻟﻤﻌﺎﻟﺠﺔ 
  .  ﺟﺮاﺣﺔ ازاﻟﺔ اﻟﻄﺤﺎل  اﻟﻤﻌﺎﻟﺠﺔ ﺑﻌﺪ اﻟﻤﻌﺎﻟﺠﺔ وﻏﻴﺮ  ﻓﻲ اﻟﻤﺠﻤﻮﻋﺘﻴﻦزﺟﻠﻮآﻮ
 ﻟﻠﻨѧﺰف ﻓﻲ اﻟﺘﺠﺮﺑﺔ اﻟﺮاﺑﻌﺔ ﺗﻢ ﺗﻘﻴﻴﻢ ﺗﺄﺛﻴﺮ ازاﻟﺔ اﻟﻄﺤﺎل ﻋﻠﻰ اﻻﺳѧﺘﺠﺎﺑﺎت اﻟﻔѧﺴﻴﻮﻟﻮﺟﻴﺔ 
 اﻟﻘﻠѧﺐ ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺎت اﻟﻤﻌﺎﻟﺠѧﺔ ﻧѧﺒﺾ وﻣﻌѧﺪل  ﻣﻌﺪل اﻟﺘѧﻨﻔﺲ ,   اﻟﺠﺴﻢ درﺟﺔ ﺣﺮارة  ﺖارﺗﻔﻌ .
 أوﺿѧﺢ  آѧﺎن ل اﻟﺘѧﻨﻔﺲ  وﻣﻌѧﺪ ﺤѧﺮارة اﻟ اﻻرﺗﻔﺎع ﻓﻲ درﺟѧﺔ (. ﻌﻴﺔ وﻣﺰاﻟﺔ اﻟﻄﺤﺎل ﺒﻴاﻟﻄ)ﺑﺎﻟﻨﺰف 
ﻮﻗﻠѧﻮﺑﻴﻦ واﻟﻌѧﺪ ﻤاﻟﻬﻴﺗﺮآﻴѧﺰ ،  اﻧﺨﻔѧﻀﺖ ﻣѧﺴﺘﻮﻳﺎت ﻣﻜѧﺪاس اﻟѧﺪم . ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ ﻣﺰاﻟѧﺔ اﻟﻄﺤѧﺎل 
اﻧﺨﻔѧﻀﺖ .  أوﺿﺢ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ ﻣﺰاﻟﺔ اﻟﻄﺤﺎل   آﺎن  اﻻﻧﺨﻔﺎض  ,اﻟﻜﻠﻲ ﻟﻜﺮﻳﺎت اﻟﺪم اﻟﺒﻴﻀﺎء 
ﻟѧѧﺔ ﻓѧѧﻲ  اﻟﺨﻼﻳѧѧﺎ اﻟﻤﺘﻌﺎدﻧѧѧﺴﺒﺔ ﺖ ﺑﻴﻨﻤѧѧﺎ ارﺗﻔﻌѧѧ ﻨѧѧﻮاةﻠﻴﻤﻔﻴѧѧﺔ واﻟﺤﻤѧѧﻀﻴﺔ ووﺣﻴѧѧﺪة اﻟ ﻟ اﻟﺨﻼﻳѧѧﺎ اﻧѧѧﺴﺐ
 اﻧﺨﻔѧﺾ .  أآﺜѧﺮ وﺿѧﻮﺣﺎ ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺔ ﻣﺰاﻟѧﺔ اﻟﻄﺤѧﺎل اﻟﺘﻐﻴﻴѧﺮ  اﻟﻤﻌﺎﻟﺠѧﺔ وآѧﺎنﺎتﻋѧﻮاﻟﻤﺠﻤ
 اﻟﺒѧѧﺮوﺗﻴﻦ اﻟﻜﻠѧѧﻲ وااﻟﺒﻴѧѧﻮﻣﻴﻦ وآѧѧﺎن اﻻﻧﺨﻔѧѧﺎض أآﺜѧѧﺮ وﺿѧѧﻮﺣﺎ ﻓѧѧﻲ اﻟﻤﺠﻤﻮﻋѧѧﺔ ﻣﺰاﻟѧѧﺔ ﺗﺮآﻴѧѧﺰ
 ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺎت اﻟﻤﻌﺎﻟﺠѧﺔ وآѧﺎن اﻻرﺗﻔѧﺎع أآﺜѧﺮ وﺿѧﻮﺣﺎ ﻓѧﻲ زارﺗﻔﻊ ﻣﺴﺘﻮى ﺟﻠﻮآﻮ . اﻟﻄﺤﺎل
  . لاﻟﺤﻴﻮاﻧﺎت ﻣﺰاﻟﺔ اﻟﻄﺤﺎ
ﻋﻠѧѧѧﻰ  )enilanerdA( ﻓѧѧѧﻲ اﻟﺘﺠﺮﺑѧѧѧﺔ اﻟﺨﺎﻣѧѧѧﺴﺔ ﺗﻤѧѧѧﺖ دراﺳѧѧѧﺔ ﺗѧѧѧﺄﺛﻴﺮات ﺣﻘѧѧѧﻦ ادرﻧѧѧѧﺎﻟﻴﻦ 
ارﺗﻔﻌѧѧﺖ ﻣﻌѧѧﺪﻻت اﻟﺘѧѧﻨﻔﺲ . اﻻﺳѧѧﺘﺠﺎﺑﺎت اﻟﻔѧѧﺴﻴﻮﻟﻮﺟﻴﺔ ﻓѧѧﻲ اﻟﻤѧѧﺎﻋﺰ اﻟﻄﺒﻴﻌﻴѧѧﺔ وﻣﺰاﻟѧѧﺔ اﻟﻄﺤѧѧﺎل 
 ﺣﻘѧﻦ . أوﺿѧﺢ ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺔ ﻣﺰاﻟѧﺔ اﻟﻄﺤѧﺎل  آѧﺎن اﻻرﺗﻔѧﺎع . ﻴﻦ وﺿﺮﺑﺎت اﻟﻘﻠﺐ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺘ 
اﻟﻌѧﺪ اﻟﻜﻠѧﻲ ﻟﻜﺮﻳѧﺎت اﻟѧﺪم .   ﻓﻘѧﻂ  اﻟﺪم ﻓﻲ اﻟﻤﺠﻤﻮﻋѧﺔ اﻟﻄﺒﻴﻌﻴѧﺔ ع ﻣﻜﺪاس ﺎ ارﺗﻔ ادرﻧﺎﻟﻴﻦ ادى اﻟﻰ 
 ﺖاﻧﺨﻔѧﻀ.  أوﺿѧﺢ ﻓѧﻲ اﻟﻤﺠﻤﻮﻋѧﺔ اﻟﻄﺒﻴﻌﻴѧﺔآѧﺎن  اﻻرﺗﻔѧﺎع ,  اﻟﻤﺠﻤѧﻮﻋﺘﻴﻦ ﻓѧﻰاﻟﺒﻴѧﻀﺎء ارﺗﻔѧﻊ
 اﻟﺨﻼﻳѧﺎ اﻟﻤﺘﻌﺎدﻟѧﺔ ﻓѧﻲ ﻧѧﺴﺒﺔ  ﺖ ﺑﻴﻨﻤѧﺎ ارﺗﻔﻌѧ ﻴﻦ اﻟﻨﻮاة ﻓﻲ اﻟﻤﺠﻤѧﻮﻋﺘ ةووﺣﻴﺪاﻟﺨﻼﻳﺎ اﻟﻠﻴﻤﻔﻴﺔ ﻧﺴﺐ 
 اﻟﺒѧﺮوﺗﻴﻦ اﻟﻜﻠѧﻲ ﺑﺤﻘѧﻦ ادرﻧѧﺎﻟﻴﻦ ﻓѧﻲ ﺗﺮآﻴѧﺰ ﻟѧﻢ ﻳﺘѧﺄﺛﺮ.  اﻟﻤﺠﻤѧﻮﻋﺘﻴﻦ اﻟﻄﺒﻴﻌﻴѧﺔ وﻣﺰاﻟѧﺔ اﻟﻄﺤѧﺎل
ارﺗﻔﻊ ﻣѧﺴﺘﻮى ﺟﻠﻮآѧﻮز .   اﻟﺒﻴﻮﻣﻴﻦ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ اﻟﻄﺒﻴﻌﻴﺔ ﻓﻘﻂ ﺗﺮآﻴﺰاﻟﻤﺠﻤﻮﻋﺘﻴﻦ ﺑﻴﻨﻤﺎ ارﺗﻔﻊ 
اﻧﺨﻔѧﺾ ﺗﺮآﻴѧﺰ  .  أآﺜﺮ وﺿﻮﺣًﺎ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺔ ﻣﺰاﻟﺔ اﻟﻄﺤѧﺎل  آﺎن  اﻻرﺗﻔﺎع ,ﻴﻦ ﻓﻲ اﻟﻤﺠﻤﻮﻋﺘ 
  . ﻟﻴﻦ ﺑﻌﺪ ﺣﻘﻦ ادرﻧﺎﻴﻦﻓﻲ اﻟﻤﺠﻤﻮﻋﺘﻳًﺎ ﺻﻮدﻳﻮم ﻣﻌﻨﻮ
اﻟﻨﺘѧѧﺎﺋﺞ اﻟﺘѧѧﻰ ﺗѧѧﻢ اﻟﺤѧѧﺼﻮل ﻋﻠﻴﻬѧѧﺎ ﻓѧѧﻰ هѧѧﺬﻩ اﻻﻃﺮوﺣѧѧﺔ واﻟﺘѧѧﻰ ﺗﺘﻌﻠѧѧﻖ ﺑѧѧﺎﻟﺘﻐﻴﺮات ﻓѧѧﻰ 
 اﻟﺘѧѧﻰ ﺗѧѧﺴﺎﻋﺪ ﻋﻠѧѧﻰ اﻋѧѧﺎدة )smsinahcem citatsoemoH(ﺧѧѧﺼﺎﺋﺺ اﻟѧѧﺪم وﺁﻟﻴѧѧﺎت اﻻﺳѧѧﺘﺘﺒﺎب 
 ﺗﻤѧﺖ ﻣﻨﺎﻗѧﺸﺘﻬﺎ ﻓѧﻰ  , ازاﻟﺔ  اﻟﻄﺤﺎل  و ﻣﻜﻮﻧﺎت اﻟﺪم اﻟﻰ اﻟﻤﺴﺘﻮى اﻟﺴﻮى وﺗﺎﺛﻴﺮات ﻋﺎﻣﻞ اﻟﺴﻦ 
اﻟﻰ ان اﻟﻤѧﺎﻋﺰ ﻳﻤﻜѧﻦ ﺗﺒﻨﻴﻬѧﺎ اﻟﺪراﺳﺎت ﺗﺸﻴﺮ .  ﻣﻦ اﻟﺒﺤﻮث اﻟﺴﺎﺑﻘﺔ   اﻟﻤﻌﻠﻮﻣﺎت اﻟﻤﺘﻮﻓﺮة ﻮءﺿ
 ﻓﻰ اﺳﺘﻘﺼﺎءات اﻟﻨﺰف اﻟﺘﺠﺮﻳﺒﻴﺔ وازاﻟѧﺔ اﻟﻄﺤѧﺎل   )ledom hcraeser dilaV( آﻨﻤﻮذج ﻣﻨﺎﺳﺐ
اﻟﻤﻌﻠﻮﻣѧѧﺎت اﻟﺘѧѧﻰ ﻧﺘﺠѧѧﺖ ﻳﻤﻜѧѧﻦ اﺳѧѧﺘﻐﻼﻟﻬﺎ ﻓѧѧﻰ ﻣﺠѧѧﺎﻻت ﺧѧѧﺼﺎﺋﺺ اﻟѧѧﺪم واﻟﺠﺮاﺣѧѧﺔ اﻟﺒﻴﻄﺮﻳѧѧﺔ . 
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CHAPTER ONE 
GENERAL INTRODUCTION 
 
1.1 The economic importance of the goat 
  The developing countries in Africa and Asia contain the 
predominant share of the world's goat population (≈610 millions), 
mostly (80%) located in the tropics and subtropics (Knight and Garcia 
, 1997). According to the FAO (1999) estimate of livestock, the Sudan 
maintains about 37.5 million head of goats. However, despite of this 
large number, the role played by goats in the national economy is still 
far beyond the country's expectations. This is not only due to the poor 
genetic potentials of local breeds, but it is also aggravated by adverse 
environmental conditions which characterize the tropics which include 
high thermal load and marked seasonal fluctuations in rainfall .The 
climatic influences also result in marked variation in quality and 
quantity of pastures and fodders (Tizikara et al., 1985). 
 The goat is a multipurpose animal, it produces meat, milk, skin 
and hair, and is unique in its ability to maintain itself in the harsh 
tropical environments. Goats play an important role in commercial 
and subsistent system in Sudan. For the commercial purpose, goats are 
mainly  kept for meat production, sale and export to the Gulf states. In 
the subsistency system, goats are considered as a source of meat and 
income, as well as a source of milk for rather poor families which 
cannot afford to keep cattle.  
 The indigenous goats in Sudan, namely Desert and Nubian 
goats, play a major role in aspects mentioned above under harsh local 
conditions. Nubian goats are among the best known dairy breeds in 
Africa, especially in Sudan;  they comprise 47% of the total goat 
population ( AOAD, 1990). The majority of Nubian goats exist in the 
riverian and urban areas of the northern part of the Sudan north  of 
latitude 12 oN.  
 The sudanese Nubian goat breed plays an important role in the 
life of many Sudanese families as a favourite household animal kept 
for milk under traditional system .The lactation lenth is 147 days and 
milk yield is 1.5-2.0 kg/day (Ahmed et al., 2000).  
 
1.2 The use of goats in scientific research  
The goat has been used extensively as an experimental animal, 
and much of what is known about milk synthesis and associated 
physiological mechanisms relates to the goat. The goat has been used 
locally in environmental physiology investigations ( Abdelatif , 1978), 
and it is often used for testing drugs in pharmacology (ElSheikh et al., 
1998). The goat has also been used in scientific research in 
reproduction (Herrik et al., 2004) and production of cheese ( Zeng  et 
al., 2000), milk ( Heanlein, 2004) and meat, fibre and skin ( Dubeuf  
et al, 2004). The goat was also used in various investigations in 
parasitology ( Min  et al., 2000) , genetics   ( Luo  et al., 2000) and 
anatomy ( Saigal   et al., 1977).  
 
1.3 Physiological characteristic of the goat 
The goat is unique in its ability to adapt and maintain itself in 
the harsh tropical environment, where it performs better than other 
domesticated ruminants (King ,1983) .The goat also maintains the 
physiological features of ruminants which include large salivary 
glands, large absorptive area of rumen epithelium associated with 
capacity to rapidly change the foregut response to environmental 
changes. These features are most likely responsible for the goat's 
superior diagestion capacity ( Silanikove, 2000). 
The desert goats have a high efficiency of nitrogen metabolism 
by recycling urea when maintained on low protein diet ( Choshniak 
and Arnon, 1985). In addition, the goats are resistant to disease and 
dehydration, endowed with inquisitive feeding habit and high 
digestive efficiency for cellulose (Devendra and McLerory, 1987). In 
the tropics, goats secure their nutrient requirements by browsing tree, 
leaves, and shrubs ( Silanikove , 2000).They find enough food from 
the natural pasture in situations  inaccessible to other animals 
(Makenzie, 1980) . However , goats are the most underrated of all 
domestic animals. They have been blamed in many areas of the world 
as causing over-grazing, soil erosion, killing of the trees and shrubs 
and wastage of feed supplies for other grazing animals ( Engle  and 
Greaser, 1999).  
The goat milk is superior to the cow milk because of higher 
concentration of short chain fatty acids which can be easily digested                 
(Devendra and Burns, 1983). The concentration of protein, calcium, 
phosphorus and vitamin A in goat's milk is also relatively high. The 
goats are characterized by their high prolificaty and short generation 
interval           ( Devendra and Burns, 1983).  
 
1.4 Blood composition of goats 
 The blood is a non-newtonian fluid, consisting of cellular 
components suspended in plasma. The cellular elements of blood 
include red blood      cells  ( erythrocytes ), white blood cells ( 
leukocytes ) and platelets                          ( thrombocytes)    ( Jain 
,1986).  
The main functions of blood are transport of oxygen (O2) and 
nutrients to the cells of the body and removal of carbon dioxide (CO2) 
and waste material to the excretion organs . The erythrocytes are the 
main agent of  O2 transport, leukocytes are involved in the reaction to 
infections, and thrombocytes are involved in prevention of loss of 
blood (Bell et al., 1980). The blood helps to regulate body 
temperature, maintain a constant concentration of water and 
electrolytes in the cells, regulates the body's hydrogen ion 
concentration ( pH) and the secretions of endocrine glands are spread 
throughout the body ( Swenson, 1993). 
 
1.4.1 Erythrocytic series  
The erythrocytic series includes the erythrocyte count, packed 
cell volume (PCV) of erythrocyte and haemoglobin concentration 
(Hb). It also comprises mean corpuscular volume (MCV), mean 
corpuscular haemoglobin (MCH), mean corpuscular haemoglobin 
concentration (MCHC) and erythrocyte sedimentation rate (ESR).  
In mammals, erythrocytes are non-nucleated, circular and 
biconcave discs (Kelly, 1984). The diameter of the erythroycyte in 
domestic ruminates ranges between 2.5 and 8.5µm. (Jain, 1986) and 
between 3.2 and 4.2µm in goats ( Smith and Sherman, 1994).The 
normal range for erythrocyte count is 8-18x106/µl , with an average of 
13x106/µl  in goats (Jain, 1986). The caprine erythrocyte is discoid, 
but the Angora breed frequently has a high percentage of fusiform red 
blood cells (Jain and Kono, 1977). The erythrocytes of the goats are 
round to bluntly triangular in stained blood film (Jain, 1986). 
Fernandez and Grindem (2000) reported that polychromasia and 
reticulocytes are generally absent from blood of normal adult goats, 
sheep and cattle.  
The life span of erythrocytes in ruminants ranges between 125 
and 160 days. In the goats, the life span is 125 days (Jain, 1986). As 
erythrocytes age, their walls usually undergo changes which make 
them gradually more susceptible to haemolysis (Wilson , 1990).  
The main function of erythrocyte is that it enables the blood to 
carry 100 times the amount of O2 than can be carried in plasma alone 
(Firkin et al., 1974). The erythrocyte also carries CO2 from the tissues 
to the lungs buffering the carbonic acid formed in the red cell (Edward 
and Bouchier, 1995). Normally haemoglobin is destroyed 
extravascularly by splitting and reuse of iron and globin, and 
degradation of protoporphyrin molecule. The iron released from the 
haemoglobin is bound to transferrin and is transported and made 
available to the bone marrow for the synthesis of new haemoglobin. 
The protoporphyrin molecule is first converted to biliverdin and then 
reduced to bilirubin in the retculoendothelial system, RES ( Jain, 
1986).  
 The goat has the lowest PCV of common domestic animals. 
When normal goat blood is properly centrifuged to reduce trapped 
plasma to a minimum, the PCV falls within a range of 22-38% . Some 
apparently clinically normal goats may have PCV values of 19-20 % 
(Jain, 1986). The author reported that the values of PCV, MCV and 
MCHC in goats are influenced by degree of relative centrifugal force 
and time of centrifugation.  
 The standard erythrocyte sedimentation rate (ESR) is not 
applied to the goat  because there is no settling of goat erythrocytes 
within  the 1-hour interval prescribed for the Wintrobe method . 
However, ESR values of 2.0-2.5 mm can be observed in normal goat 
blood for kept 24 hr (Smith and Sherman, 1994). 
1.4.2 Leukocytic  series 
The leukocytic measurements include the total leukocyte count 
(TLC) and differential leukocyte count ( DLC). The leukocytes are 
much less numerous than the erythrocytes in the blood of animals ; 
there are approximately 1300 erythrocyte to every leukocyte in blood 
stream of goats (Swenson,1993).  
 The leukocytes are motile, nucleated and larger than the 
erythrocytes. Some leukocytes exist outside the circulation 
(Mouncastle,1980). Generally the leukocytes are classified into three 
categories: granulocytes, monocytes, and lymphocytes (Smith et 
al.,1988). 
 The leukocytes need essentially the same vitamins and amino 
acids as most of other cells of the body for their formation. Lack of 
folic acid blocks the formation of leukocyte, (Guyton , 1990). The 
granulocytes are characterized by specific granules in their cytoplasm 
;   according   to    their staining reactions they are neutrophils, 
eosinophils and basophils (Swenson, 1993). The author added that the 
neutrophils are formed in the bone marrow from neutropilic 
myelocytes . They contain 2 or 3 types of granules, Golgi apparatus, 
edoplasmic reticulum and mitochondria (Bertram, 1985). The  life 
span of neutrophils once released from the bone marrow is normally 
4–8 hr when circulating in the blood, and 4–5 days in the tissues 
(Guyton , 1990). 
 The neutrphilic leukocyte is a critical component of the host 
defense system , forming the first line of the cellular defense against 
invading organisms. The primary function of neutrophils is ingestion 
and killing of bacteria; however, they also can damage fungi, yeasts, 
algae, parasites and viruses (Williams and Bunch, 1981). In addition, 
neutrophils may include antibody dependent cellular cytotoxin 
(ADCC) to destroy infected or transformed cells (Babiuk et al., 1996).  
The eosinophils develop in the bone marrow, to a lesser extent 
in the thymus, the spleen and lymph nodes in some species ( Hudson, 
1968). They are slightly larger than neutrophils and have a nucleus 
that may be segmented , but it is nevertheless polymorphic. 
Eosinophils contain 4 types of granules, in addition to lipid bodies, 
mitochondria, free ribosome, spares, coded vesciles, small golgi  
apparatus  and   glycogen   ( Bainton , 1995). In raminants the 
eosinophil nucleus is bilobed, surrounded by numerous, small, 
uniformly round, intensely stained red and refracile granules (Kramer, 
2000).  
 In healthy individuals, the half life of the eosinophils in 
circulation varies from  less  than  one  hour  in  the  dogs to 18 hrs in 
humans                  ( Wardlow  and   Kay, 1995) .  The eosinophils 
attack some parasites and they inactivate mediators released from 
mast cells during allergic reaction (Gleich et al., 1993). Under 
pathologic conditions, it is possible for eosinophils to reenter 
circulation (Dale et al., 1976). Eosinophils participate in detoxifying 
protein, especially of parasite. They are attracted to the sites of 
antigen- antibody reactions, and after an animal has been sensitized to 
an antigen, injection of that antigen will cause eosinophil to appear in 
large numbers at the injection site, where they may phagocytize 
antigen-antibody complex (Swenson, 1993).  
The basophil of goat, sheep and cattle is a sparse cell of the 
same size as the eosinophil, with electron-dense, numerous, small, 
intensely blue- staining granules. Basophils occurring at such low 
concentration are not reliably quantified by the 100 cell differential 
cell count (Kramer, 2000). They originate from CD34+ cells in the 
bone marrow (Valent, 1995). The circulating half life of basophil is 
approximately 6 hrs,but in-vitro survival studies suggest that they may 
survive for as long as 2 weeks once they reach the tissues (Hirai et al., 
1997).  
Basophils play a primary role in type-1 hypersensitivity 
response (Ha and Reed, 1987). Other studies support a major role for 
basophils in allergic conditions ( Bochner et  al., 1994).They play a 
similar role in the resistance to parasitic infection (Neitz  et al., 1993) 
such as ticks (Allen, 1989). Basophils may antagonize or promote 
haemostasis by means of the anticoagulant actions of secreted heparin 
and the pro-coagulant effects of kallikrein generated by secreted 
proteases (Scott and Stockham, 2000).  Basophils may also be 
involved in delayed hypersensitivity reactions in the human skin and 
lung , in host defense against bacterial and viral infection and in some 
chronic fibrotic disorders (Marone  et al., 1997) . However, the 
phagocytic potential of basophil  is small ( Dvorak and Dvorak, 1979).  
 The lymphocytes are produced in the various lymphogenous  
organs including the spleen, thymus, tonsils and various lymphoid 
tissues ( Vander et al., 1985). All lymphocytes, including T-
lymphocyte and B-lymphocytes, arise from the common bone marrow 
stem cell. The thymus is the site of development and maturation of T-
Cells ( Ardavin, 1997). The lymphocytes have a continual and 
massive recirculation of lymphoid cells through the body. This is 
regulated by a complex network of adhesion molecules expressed by 
lymphocyte and modified vascular endothelium (Springer, 1998). The 
life span of B-lymphocytes is 3-4 days on the average with some 
living a few hours, while T-lymphocytes may live 1-3 years in the 
tissues (Swenson, 1993).  
  The lymphoid cells are the key component of adaptive immune 
system. These cells regulate the production of antibodies (humoral 
immunity), and are responsible for cell mediated immune effects such 
as cytotoxicity or delayed type hypersensitivity. Animals which have a 
genetic inability to produce normal lymphoid cells are profoundly 
immunodeficient and readily succumb to infectious diseases ( Shik et 
al., 1997).  
Monocytes originate in cells of the mononuclear phagocytic 
system (MPS) in the spleen and bone marrow. The ruminant 
monocyte is a round to convoluted shaped cell. It has a large indented 
to bilobed nucleus containing a diffuse chromatin pattern in a gray 
cytoplasm (Kramer , 2000) . The monocytes have a short transit time, 
10-20 hrs, in the blood, but in the tissue, they become tissue 
macrophages and this form can live for months (Guyton, 1990).  
 Monocytes constitute the mononuclear phagocytic system 
which removes debris as well as phagocytosis and collection of 
antigenic material to lymphocyte. Lysis of tumour cells is another 
important function of monocytes  (Edward and Bouchier, 1995).  
 
1.4.3 Platelets (thrombocytes)  
The thromocytes are formed from megakaryocytes 
(MacPherson , 1972). They are small, granulated bodies that aggregate 
at the sites of vascular injury and they lack nuclei. Generally, 60-75% 
of thrombocytes that have been extruded from the bone marrow are in 
the circulating blood, and the remainder are mostly in the spleen 
(Ganong, 2003). The ruminant thrombocytes in Wright stained 
peripheral blood are distributed singly and in aggregates with variable 
size and shape with azurophilic granules. Normal circulating survival 
time is about 10 days in ruminants (M'erard and Meyers, 1988).  
 The responses of thrombocytes to agonists in vivo or in vitro are 
characterized by a series of events including secretion (White, 1987), 
aggregation and clot retraction (Jennings et al., 1995) and shape 
change which is characterized by polymerization and a rise in 
intracellular calcium (Leven,2000). 
1.4.4 Blood metabolites 
The blood metabolites considered in the studies include total 
protein,albumin , urea  and  glucose .  
 The plasma proteins consist of a number of proteins with a wide 
range of functions and structures (Kaneko, 1989). They are divided 
mainly into albumin, γβα ,,  globulins and fibrinogen. The 
physiological roles of plasma proteins include  a source of amino 
acids for tissues, transporting ions or molecules, maintaining 
homeostasis, regulating the inflammatory response, maintaining a 
colloidal oncotic pressure, serving as a buffer to regulate acid-base 
balance and providing resistance to infection (Jain, 1986 ;  Kaneko, 
1989). The authors noted that the liver synthesizes most of plasma 
proteins, including albumin, and α and β globulins. Lymphoid organs 
constitute a primary site of γ   globulin production.  
 Albumin is the most abundant plasma protein comprising 
approximately 35-50% of total plasma protein in animals. It provides 
a source of amino acids to the tissues, regulates colloid osmotic 
pressure  and binds to and transports a wide range of molecules and 
ions (Kaneko, 1989). The γ -globulins contain antibodies commonly 
called immunoglobulins. They are classified as IgA, IgM, IgG, IgE 
and IgD. They play a role in immune defense (Swenson, 1993). With 
both stress and inflammation, there is an increase in production of 
globulins (Eckersall, 1995). 
Fibrinogen is a glycoprotein that is an integral component in 
haemostasis, providing a substrate for thrombin-mediated formation of 
fibrin, and in tissue repair, providing a matrix for migration of 
inflammatory cells, fibroblasts, and endothelial cells (Andrews et al., 
1994). Fibrinogen levels increase with inflammatory conditions 
(Duncan et al., 1994).  
 In goats and other ruminants, urea functions as a source of N for 
biosynthesis of amino acids in the digestive tract by its recycling 
(Harmeyer and Martens, 1980). Recycling of urea plays a major role 
in maintenance of balanced nitrogen metabolism in Desert goats 
(Choshniak and Arnon, 1985).  
 Glucose is the most important product of carbohydrate 
digestion. In roughage-fed ruminants, however, dietary carbohydrates, 
including cellulose, are fermented in the rumen to form volatile fatty 
acid (VFAs). Thus only a small amount of glucose is absorbed, 
whereas, in animals with simple stomach, dietary carbohydrates such 
as starch and sucrose are sources of glucose (Bergman, 1993). 
 The concentration of glucose in blood is an important of factor 
in determining the glucose concentration in the interstitial fluid, which 
in turn has an influence on the rate of transport of this hexose into 
individual cells (Beitz, 1993). The author added that maintenance of 
stable glucose concentration in the blood is a finely regulated 
mechanism in which the liver, extraheptic tissues and several 
hormones, including insulin, glucagon, epinephrine, glucocorticoids 
and thyroid hormones play a major role. 
 Glucose exists in blood in the form of glucose-6- phosphate and 
the major supplies of glucose are in liver and skeletal muscles 
(Ganong, 2003). Glucose in blood and in certain tissues produces 
useful energy or adenosine triphospate , ATP (Beitz, 1993).  
 
Minerals 
 All animals require macrominerals and microminerals. The 
function of minerals in animal physiology are inter-related . The 
macrominerals include sodium (Na), potassium (K), phosphrus (P) 
and magnesium (Mg). The microminerals include chlorine (CI), iron 
(Fe), sulfur (S), iodine (I),copper (Cu), manganese (Mn), zinc (Zn), 
selenium (Se), cobalt (Co), and  molybdenum (Mo).  
 Some of the minerals are used for bone formation (Ca, P, Mg), 
some  are  constituents of proteins and lipids in muscles, organs, blood 
cells and other tissues ( Fe, S, Ca ). Minerals are involved in 
maintenance of osmotic pressure, acid-base balance equilibrium and 
the irritability of muscles and nerves (Hays and Swenson, 1993).  
 Sodium (Na) and potassium (K) are considered together 
because as electrolytes, they play a vital role in maintaining osmotic 
pressure and acid-base balance. In goats, the daily requirement of Na 
was found to be 1.74 g/kg DM (Ivandija, 1987). K requirement for 
lactating goats was estimated to be 0.7% of the ration (DM) in early 
lactation, and also appears to increase under stress (Ademosum et al., 
1992). Both Na and K ions were found to fluctuate only slightly 
during pregnancy  and lactation ( Mbassa and Poulse , 1992).  
  Na and Ca play a role in transport systems. The process of Na- 
Ca exchanger can influence a number of physiological functions 
regulated by intracellular levels of Na+ and Ca++ such as muscle 
contraction, phototransduction, cell division and cell differentiation 
(Letarte et al., 1986).  
 Ca is the most abundant mineral in the body. It is a structural 
component of the skeleton and it is also involved in blood coagulation 
(Mc Dowell et al., 1993). Ca acts as an essential chemical signal for 
many important metabolic events such as muscle contraction,             
neurotransmitter release, enzyme activation and cell growth. In many 
of these biological processes, Ca acts as a second messenger (Seamon 
and Kretsinger, 1983), binding to a targtet protein and including a 
conformational change which triggers the biological response 
(Marsden et al., 1989).  
 In growing animals, net retention of Ca occurs in the body, 
while in adults, the amount ingested equals that is lost if the metabolic 
requirement is met (Church and Pond, 1988).  
  A dietary deficiency of Ca (hypocalcaemia ) which impairs its 
absorption and utilization, if sufficiently severe or prolonged, results 
in abnormalities in the bone and teeth, subnormal growth and milk 
yield, depressed appetite and development of pica . This deficiency is 
characterized by specific biochemical changes in the blood and tissues 
which accompany the clinical and pathological changes (Underwood 
and Suttle, 1999).  
 Mg is required for normal skeletal development and enzyme 
activators (McDowell et al, 1993), particularly those involving 
neuromuscular transmission ATP forming to ATP- Mg+2 complex . 
Underwood and Suttle (1999) reported that the dietary Mg 
requirement of livestock varies with the species, breed of the animal, 
age, rate of growth or production and with biological availability of 
the metal in the diet. The authors added that the symptoms of Mg 
deficiency are tetany,peripheral vasodilation,anorexia, musclar 
incoordination and convulsions.  
 
 1.5  Physiological responses of mammals to haemorrhage  
Haemorrhage is the loss of blood from the vessels (Stephenson, 
1997). When a small blood vessel is damaged, vasoconstriction occurs 
due to serotonin and other vasoconstrictors liberated from platelets  
that adhere to the walls of damaged vessels and initiate a series of 
events that lead to the formation of  a clot  (Ganong, 2003).  
1.5.1  Common causes of haemorrhage  
 The common causes of haemorrhage associated with injury of 
large vessels include surgical operations (Lebedeva et al., 2005) and 
trauma (Ho et al., 2005). Haemorrhage may occur as a result of 
disturbance in coagulation and disorders in platelets. In horses, dogs, 
and cats acute blood loss anaemia occurs due to thrombocytopenia and 
congenital bleeding disorders (haemophilia) (Arid, 2000). In addition, 
intracranial haemorrhage is a common cause of morbidity in 
haemophilic patients (Glosh et al., 2005) . Also the thrombotic 
thrombocytopenia purpura (TTP) leads to myocardial haemorrhages 
and rapid death (Burke et al., 2005). Furthermore, severe haemorrhage 
occurs postpartum from placental bed in females (Costa et al., 2005).  
 Haemorrhage may also result from overdose of drugs such as 
aspirin, indomethacin, phenylbutazene, antibiotics (penicillin and 
cephalosporins), dextrans, heparin and β-blockers which inhibit 
platelet function (Blood and Radostits, 1989). Thrombocytopenia may 
be incduced by drugs which cause bone marrow suppression or 
premature destruction of circulating platelets.  
 The pulmonary haemorrhage is one of the main signs of Abrus   
percatorius  poisoning (Barri et al., 1990). Haemorrhage is the main 
lesion of experimental selenium toxicity in the rumen, reticulum, 
omasum and abomasums of Nubian goats (Ahmed et al., 1990). The 
toxicity of inorganic mercury in goats is associated with heamorrhage 
in most of the organs (Pathak and Bhowmik, 1998).  
 Anaemia due to loss of blood is the major clinical sign in goats 
(Smith and Sherman, 1994); the condition is mostly associated with 
parasites such as Haemonchus spp. and liver fluke. In goats and sheep 
infected with Schistosoma bovis  , haemorrhage results from the 
extrusion of large eggs through the intestinal mucosa (Saad et al., 
1984).  
1.5.2    Thermal responses to haemorrhage  
 The maintenance of body core temperature in mammals within 
limited range (homeothermy ) is important in order to avoid cellular 
and enzymatic dysfunction (Grogan and Hopkins,2000). 
Homeothermy depends on dynamic equilibrium between heat 
production and heat loss. The animal produces heat when 
transforming chemical energy in the body and in the outdoor 
environment, it absorbs heat from direct or indirect solar radiation 
(Bianca, 1968). The chemical heat and solar radiation together form 
the animals heat gain which has to be counter-balanced by heat loss. 
Thermoregulation is under the control of the autonomic  nervous 
system, which integrates afferent input and efferent responses, the 
central control resides in the hypothalamus    (Grogan and Hopkins, 
2002). The aim of redistribution of blood flow is to increase cutaneous 
flow and promote heat loss.  
 Thermoregulation is one of the main functions of the blood. 
Decrease in peripheral blood flow causes a drop in skin temperature, 
reducing the temperature gradient between the skin and the 
environment, resulting from vasoconstriction which occurs in the skin 
and superficial tissues (Andersson and Johnsson, 1993).  
 Severe haemorrhage causes drop in body core temperature. 
Haemorrhagic hypothermia was associated with downward shift in the 
thermoregulatory set point in rats (Brown et al., 2005). Mild and 
moderate haemorrhage lead to decrease in the function of blood in 
heat transport from the core to the skin and consequently decline in 
heat loss from the skin . Usually cutaneous vasodilation causes a rise 
in skin temperature (Andersson and Johnsson,1993). 
 
1.5.3  Cardiovascular responses  
The physiological responses to haemorrahge in mammals are 
aimed at the preservation of blood pressure and tissue perfusion. The 
primary mediator of the blood pressure response in animals is 
increased activity of the sympathoadrenal system (Block et al., 1987).  
  The total peripheral resistance increases as cardiac ouput falls in 
haemorrahge , helping to maintain adequate perfusion pressure. 
However, homeostatic mechanisms are no longer capable of 
maintaining blood pressure, and any further hypovolaemia results in a 
rapid decline in blood pressure, total peripheral resistance and heart 
rate (Schadt and Giddis, 1998 ; Schadt et al., 1991). Rose et al. (1987) 
reported that moderate haemorrhage (20% of total blood volume) 
decreased in cardiac output and blood pressure in sheep .        
 In ewes  arterial blood pressure was remarkably well 
maintained during the early stages of moderate haemorrhage (Block et 
al., 1987).Oberg and Thoren (1972) suggested that one mechanism to 
maintain blood pressure is stimulation of cardiac ventricular recptors 
in cats .The stimulation of the receptors promotes an intense 
vasovagal reflex that triggers a fall in blood pressure along with a 
paradoxical decline in heart rate (Rosta et al., 1994).  
 Tachycardia an bradycardia may be associated with 
haemorrhage. Tachycardia occurs as a result of acute haemorrhage, 
but bradycardia is considered to be a characteristic of massive 
haemorrhage (Sechner et al., 1992).  
  Severe haemorrhage is associated with an increase in intestinal 
vascular capacity compared with moderate haemorrhage; this increase 
is mediated in part via the cardiac vagal reflex (Wang et al., 1998). 
The authors added that the attenuation of intestinal vasoconstriction 
during severe haemorrhage probably contributes to further decrease in 
cardiac output and arterial pressure by redistribution of blood to the 
peripheral circulation. 
 Haemorrhage resulted in a fall followed by a partial recovery of 
arterial blood pressure and significant rise of hepatic artery blood flow 
in rats (Darlington and Tehran, 1997). It also resulted in fall of total 
renal blood flow with no evidence of subsequent recover (Shirley et 
al., 1991).  
1.5.4   Haematological  responses 
Heamorrhage is usually associated with shifts in body fluid 
compartments including the plasma volume. Ganong (2003) noted that 
in humans, after moderate haemorrhage, the circulating plasma 
volume is restored in 12-72 hrs. The fluid shift from the intercellular 
fluid (ICF) space to extracellular fluid (ECF) compartment will 
enables the blood volume to be restored in haemorrhage (Pirkle and 
Gann, 1975). Investigations in dogs indicated that an osmotic shift of 
ICF occurs to the interstitum (Pirkle and Gann, 1976). Ware et al. 
(1982) suggested that intracellular fluid shift to interstitum was 
obtained in rats after haemorrhage. Plasma osmolality increased by 
15% in black Bedouin goats subjected to 23% bleeding (Maltz et al., 
1984).  
 After moderate haemorrhage, a low PCV is remarkably well 
tolerated because of various compensatory mechanisms such as an 
increase in concentration of 2.3-diphosphoglycerate in red blood cell 
(Ganong, 1999) . In goats and sheep, haemorrhage resulted in a 
decline in erythrocyte count (Saad et al., 1984). The responses to 
blood loss also included erythropoietin secretion from the kidneys to 
stimulate erythropoiesis by the bone marrow (Hillman, 1995). Jain 
(1993) indicated that the iron supply to the red cell production usually 
reflects the severity of the anaemia.  
 The reticulocyte response to acute blood loss is highly variable 
among species (Tyler and Cowell, 1996). Winter (1965) indicated that 
bleeding resulted in the appearance of large erythrocytes in peripheral 
blood of sheep . Reticulocytes are generally absent from the blood of 
normal adult goat. When severe blood loss occurs, reticulocytosis 
slowly appears in periphrial blood with a macrocytosis, polychromasia 
and basophilic stippled erythrocytes signalling accelerated 
erythropoiesis (Fernandez and Grindem, 2000). The authors added 
that after haemorrhage, Howell-Jolly bodies and normoblastaemia 
may also be seen in ruminants.  
 A neutrophilic leukocytosis occurs frequently within hours after 
the onset of acute blood loss (Hillman, 1995). An increase in the bone 
marrow release of neutrophils may be associated with haemorrhage, 
resulting in a mild mature neutrophilia. The neurtophilia, lymphopenia 
and monocytosis that are common in anaemias can be attributed to the 
effects of both haemolysis and endogenous corticosteroids (Duncan et 
al., 1994). Eosinophilia was also reported in haemorrhaged Sudanese 
goats and sheep (Saad et al., 1984).  
Haemorrhage associated with a marked increase in circulating 
platelets (thrombocytosis) was reported in myeloproliferatve disorder 
(Harker, 1970). Persistent thrombocytosis may result from bleeding                     
(Duncan et al., 1994). Thrombocytes may decrease in dogs and cats 
when the haemorrhage is associated with prolonged bleeding time and 
failure of clot retraction (Jain, 1986).  
 
1.5.5   Endocrine responses 
 The loss of blood and hypovolaemia are usually associated with 
endocrine responses. Haemrrhage in sheep has been shown to 
stimulate the secretion of arginine vasopressin (AVP) and 
catecholamines, all of which have strong vasoconsrictor activity 
(Drummond et al., 1980; Kelly et al., 1982; Jones  et al., 1985). The 
reflex modulation of the vasopressin secretion by inhibitor tonus from 
distention receptors in the heart and pulmonary vein contribute to the 
homeostatic control of extracellular fluid volume (Gauer et al.,1970).  
Vassopressin and oxytocin are released from the posterior 
pituitary gland and are associated with fluid homeostasis . In 
mammals, both hormones are secreted into the circulation in response 
to increased osmolality (Schafer, 2002). Vassopressin release is 
regulated principally by the osmotic concentration of extracellular 
fluid (Andersson et al., 1980). Its release may be modified by changes 
in plasma volume during haemorrhage. Thus the sensitivity of cerebral 
receptors to osmotic stimulation is increased in response to 
haemorrhage in humans (Robertson and Athar, 1976) and rats (Dun et 
al., 1973). Maltz et al. (1984) reported that plasma arginine 
vasopressin increased after 23% haemorrhage in goats. 
 The normal responses to haemorrhage include vasoconstriction 
mediated by secretion of catecholamines by both adrenal and 
sympathetic  nervous system ; in dogs subjected to haemorrhage, 
adrenaline level increased whereas noradernaline level  did not change 
(Hohne et al., 2002).  
  Among the responses to haemorrhage in animals is increase in 
the activity of renin-angiotensin system (RAS); the importance of this 
system for the maintenance of arterial blood pressure following 
haemorrhage has been indicated in goats (Maltz et al., 1984) and 
sheep (Kopelman et al., 1983 ; Odya et al., 1983) . Activation of the 
RAS after increased renal sympathetic activity plays an important role 
in the physiological responses to haemorrhage (Smith and Abu-
Amarah, 1998). Furthermore, an increase in the level of angiotensin II 
is necessary for blood  recovery, as the return of blood pressure 
toward normal is impaired in the presence of angiotensin II  antagonist 
(Cornish et al., 1990) and angiotensin converting enzyme inhibitor 
captopril (Ullman et al., 1992). In dogs, angiotensin II level was  
increased by haemorrhage (Francis et al.,2004).  
 The renal sympathetic nervous supply is involved in modulating 
fluid and electrolyte homeostasis through the effects on renin release, 
renal vascular resistance and glomerular and tubular functions (Di 
Bona , 1982). The activation of renal sympathetic nerves promotes 
fluid and electrolyte reabsorption as well as release of the renin (Smith 
and Abu-Amara, 1998).  
 Erythropoietin hormone regulates the rate of formation of 
erythrocytes. Normally 90% of the hormone is produced in the kidney 
and 10% in the liver and elsewhere (Hoffbrand and Petit, 1994). This 
hormone promotes the differentiation of committed stem cells in the 
bone marrow (Morse et al., 1970). Erythropietin synthesis in the 
kidney is increased in response to blood loss ( Erslov, 1995). An 
increase in erythropoietin production occurs when the haemoglobin 
concentration is decreased or when haemoglobin structural problem 
occurs in which oxygen is not released or at high altitudes where 
oxygen partial pressure is low (Erslov, 1991). 
 The adrencorticotrophic hormone (ACTH) response to a large 
haemodynamic stimulus after haemorrhage in dogs (Lilly et al., 1995). 
The authors noted that the resolution of the responses of ACTH to 
hypovolaemia appears to result from a complex interaction of 
persistent stimulation and feedback effects and provides a sharp 
contrast to the responses of angiotensin II which are linked to 
haemodynamics.  
Endothelial cells produce endothelin-1, one of the most potent 
vasoconstrictor agents. Endothelin-1(ET-1),endothelin-2 (ET-2) and 
endohthelin-3 (ET-3)  are the members of a family of three similar 21-
amino-acid polypeptides (Ganong,2003). Endothelins (ETs) exert their 
vasoconstrictive effects via two receptors, ET-A and ET-B receptors 
located on vascular smooth muscle cell (Seo and Lucher, 1995). 
Vasodilation may be mediated through stimulation of ET-B receptors 
by the release of nitric oxide and prostacyclin (Clozel et al., 1992). 
Endothelin-1 plays a significant role in the regulation of vascular 
smooth muscles tone (Gellai et al., 1997). Its synthesis and release are 
enhanced by endothelial injury, hypoxia, ischaemia and stress (Doi et 
al., 2000). Endothelin-1 acting via ET-A receptors, produces reversal 
of haemorrhagic hypotension in rats due to the mobilization of blood 
from venous reservoir, with improvement in cardiac function and the 
perfusion of peripheral tissues (Jochem et al., 2003). Haemorrhage 
was associated with an increase in level of endothelin-1 in dogs 
(Francis et al., 2004).    
 
1.5.6  Responses of minerals 
Haemorrhage influences the concentration of minerals in 
extracellular fluids. During acute haemorrhage, there are decreases in 
plasma osmolality , Na+ and plasma protein concentrations due to 
haemodilution . The rapid phase of blood volume restoration occurs 
concurrently with haemorrhage . This phase involves entry of 
extravascular fluid into vascular space (Barton and Passingham, 1982; 
Hjelmqvist et al., 1991).  
 Haemorrhage results in decrease in concentration of strong ions 
in arterial plasma in rats caused by early imbalance in the main strong  
ions during initial haemorrhagic phase (Alfaro et al., 1999).  
Haemorrhage was associated with hyperkalaemia in rabbits 
(Antognini and Mark, 1995). This is related to changes in acid-base 
balance which affect K+ homeostasis. Thus acidosis increases, 
whereas alkalosis decreases plasma K+ via a shift between 
intracellular and extracelluler compartment (Bia and Defronzo, 1981). 
Hepatic and skeletal muscle alterations in ion transport have been 
observed in haemorrhage induced shock. These alterations induced 
impairment of        active cellular K+ accumulation, increased 
permeability to Cl, membrane depolarization and failure of the 
electronic Na+ pump (Sayeed, 1987).   
 Ware et al.(1982) reported that in rats at 90 min after moderate 
haemorrhage, there were decreases in the plasma concentrations of 
Na+, Cl-, and HCO3-  and increases in the levels of K, lactate and urea, 
but Ca+2 and P levels were not affected significantly. 
 
1.5.7  Haemorrhagic shock    
Shock is an acute circulatory state in which relative or absolute 
inadequate cardiac output results in inadequate tissue perfusion. It is 
identified as a sudden reduction in circulating blood volume or 
enlargement of vascular system associated with reduction in the mean 
blood pressure (Detweriter, 1993).  
 The hypovolaemic shock is commonly subdivided into 
haemorrhagic shock,  traumatic shock, surgical shock and burn shock 
(Ganong, 2003). The author noted that in haemorrhagic shock, the 
inadequate perfusion of tissues leads to increased anaerobic glycolysis 
with production of large amount of lactic acid. In severe cases, lactic 
acidosis depresses the myocardium , the peripherial vascular 
responsive- ness to catecholamines, and may be severe enough to 
cause coma.  
 The studies of Schadt and Ludbrook (1991) in rats indicated 
that critical haemorrahge hypovolaemia was associated with extreme 
decrease in cardiac index due to lowering of circulating blood volume 
as well as reflexly induced bradycardia. The authors indicated that the 
integrated neural, hormonal, and local mechanisms which become 
activated in haemorrhgic shock lead to centralization of circulation 
due to redistribution of circulating blood, mainly by an increase in the 
systemic venous activity, the secretion of arginine vasopressin, and 
the activation of renin-angiotensin system.  
 There are different physiological responses to the various 
degrees of shock. First, there is a compensatory phase, which is the 
early mild stage of shock, in which arterioles constrict in an effort to 
maintain arterial pressure . Severe shock, regardless of causes, 
becomes progressively worse (progressive phase) because decrease in 
coronary circulation and lack of blood flow to the brain damge the 
vasomotor and respiration centres causing more vasodilation 
(Frandson and Spurgeon, 1992).  
 
1.5.8  Factors affecting the responses of animals to haemorrhage 
 The compensatory response to acute haemorrhage depends on 
the ability to recruit pooled erythrocytes and plasma from venous 
circulation and spleen by mechanisms as splenic contraction (Block et 
al., 1989).  
 The level of blood loss from the animals influences the 
responses to haemorrhage. Animals that have acute blood loss of 30-
40% exhibit hypovolaemic shock, whereas loss of 50% or more leads 
to death if immediate treatment is not initiated ( Nelsen, 1976).  
 The age of animals may influence the responses to blood loss. 
The degree of blood loss and age of the animal influence the 
reticulocyte response which varies with the duration of stimulus , 
species involved  and presence of concurrent disease (Jain, 1993). 
 The fluid homeostasis during haemorrhage depends on the 
nutritional state of the animals (Ware et al., 1982). Fed rats 
compensated for the greater haemorrhage with PCV reduction which 
was double that in starved rats (Patterson-Stone et al., 1977).  
 The reproductive cycle influences the responses of mammals to 
haemorrhage. Mammals in late pregnancy exhibit a lesser ability to 
maintain arterial pressure during haemorrhage (Brooks et al., 1995). 
In normal conscious rabbits, the decrease in pressure during the 
hypotensive phase is less profound compared with the pregnant rabbit 
(Brooks et al., 1999). During haemorrhage, the lesser ability to 
maintain blood pressure may be due to inadequate reflex responses . 
The baroreflex helps to maintain pressure not only by vasoconstriction 
, but also by near maintenance of cardiac output despite blood loss in 
mammals ( Korner et al., 1990; Schadt and Ludbrook., 1991),and in 
rabbits (Clow et al., 2003). The pregnancy appears to have only 
modest effects on the regulation of regional resistance during 
haemorrhage, indirectly suggesting that regulation of cardiac output 
may also be altered in pregnancy (Clow et al., 2003).  
 Lactating goats responded with a rapid pronounced increase in 
plasma arginine-vasopressin (pAVP) whereas non- lactating goats, 
which apparently were better to withstand a diminshed plasma 
volume, only showed a relatively small increase in pAVP (Maltz et 
al., 1984). The authors noted that the plasma renin activity increased 
significantly in lactating than in non-lactating goats and an the 
increase in plasma osmolality was higher in lactating goats.  
 Brooks et al. (2001) reported that anaesthetic agents may 
influence the cardiovascular responses of animals to haemorrhage. 
Zimpfer et al. (1982) noted that the commonly used anaesthetics alter  
the compensatory responses to haemorrhage. Another findings during 
haemorrhage is that anaesthetic agents are often associated with a 
significant deterioration in microvascular control mechanism which 
leads to a reduction in the O2 extraction capacity of tissues 
(Stewart,1983 ; Seyde, et al. 1985 ; Gustafsson et al.,1995 ). The 
anaesthetic agents propofol, thiopental and ketamine indirectly alter 
the responses of sympathetically innervated arterioles and venules to 
haemorrhage in rats (Furness and Marshall, 1974). Propfol has been 
associated with low intestinal pH after haemorrhage, including 
ischaemia in dogs (Hong et al., 2000). The anaesthetic   agents also 
markely modify catecholamine   in  haemorrhage ( Fernebo et al., 
1979).   
 
1.6  Effects of age on the physiological responses to 
haemorrhage    
1.6.1  Effects of age on blood composition  
 The influences of age on the erythrocyte variables has been 
studied by some workers. In early postnatal life , the bone marrow 
remains haemopoietic as the increases in body size and red cell mass 
require high accelerated red cell production (Valli and Jocobs, 2000). 
The age effect reflected high erythrocyte count in younger groups of 
murrah goats (Sharma et al., 1973), while the value of mean cell 
volume (MCV) was 46 fl  at birth compared with 96 fl in neonatal 
phase of bovine (Kramer, 2000). The author indicated that the MCV 
continued to decrease to 37 fl from birth to about 8-12 weaks. Sharma 
et al. (1973) reported that the values of MCV and mean cell 
haemoblobin (MCH) tended to increase with age in goats. Boss and 
Wanner (1977) noted that in Saanen goats, the erythrocyte count of 
kids was relatively higher compared to adult values. The PCV and Hb 
concentration values fell steeply in kids during the first week of life 
until the fourth week and then rose to reach their maximum ( above 
that adult animals ) at 4 months.  
 The highest values of Hb concentration, PCV and erythrocyte 
count were observed in 6-12 months old cross-bred and indigenous 
East-African goats of Tanzania and a breed reared in Denmark ( 
Mbassa and Poulsen , 1992). Joshi et al. (1991) noted higher PCV and 
Hb concentration values at 12 months of age than at 6 months age in 
Patanwadi sheep. They attributed this to the proportionally greater 
plasma volume at 6months and stimulated erythropoiesis in 12 months 
old goats. However, in  Pygmy goats, the erythrocyte count was 
apparently not affected by age ( Castro et al., 1977).  
 Sharma et al. (1973) noted that age affected total leukocyte 
count (TLC) in younger groups in Murrah goats. Haematologic 
findings in the neonatal lamb indicated that the TLC doubled by 12 
hours post-birth and declined over the next 12 to 14 hours. The TLC 
peaked at approximately 3 months of age in goats (Holman and Dew, 
1965). Changes in TLC occurred with advancing age in goats ; it 
increased from birth to the third or fourth month (Tylor, 2000). 
However, Castro (1977) reported that the TLC values were similar 
between age groups in Pygmy goats.  
 Mbassa and Poulsen  (1991) found that in goats the lymphcyte 
and neutrophil ratios were low at birth and increased to maximal 
values by 6-12 months of age. The authors added that the neutrophils, 
eosinophils, basophils and monocytes were low in number of ages in 
Dwarf and Landrance kids. The average percentage of neutrophils was 
increased with advance of age in sheep and cattle (Taylor , 2000). The 
increase in neutrophils was associated with a decrease in lymphocytes 
(Riegle and Nellor, 1966).  
 The concentrations of blood metabolites were shown to be 
influenced by age. At  birth, both albumin and globulins 
concentrations are generally low. Following ingestion of colostrum, 
the globulins concentration is increased as a result of absorption of 
immunoglobulins  in ruminants (Thomas, 2000). However, albumin 
and glubulins production increases as the animal matures and reaches 
adulthood (Jain, 1993). The total protein is generally higher in the old 
animals because of increases in α and γ globulins (Batamyzi et al., 
1996). Ibrahim (1997) reported that the plasma total protein 
concentration did not show any significant change with age in Nubian 
goats. She also indicated that in Nubian goats there were no 
significant changes in the concentrations of serum total protein and 
glubulins with the advance of age.  
 The effect of age on the serum concentration of minerals was 
investigated by Ahmed et al. (2000) in Nubian goats. They found that 
the plasma Ca level tended to decrease with age while that of P tended 
to increase. Furthermore, the levels of Mg and Na decreased 
significantly with age, while the K level decreased only slightly with 
age.  
 
1.6.2 Effects of age on the cardiovascular and endocrine 
responses to haemorhage                                                                               
 Haemorrhage had more potent effects on newborn than in adult 
sheep; the heart rate was higher in newborn lambs than in adults ( 
Rose et al., 1987). Conversely, Mott ( 1966, 1968, 1969) noted that 
newborn Kittens and young rabbits are better able to maintain their 
arterial pressure following blood volume loss than adults. Also, Mott 
(1965) indicated that the renin-angiotensin system   ( RAS) may play a 
greater role in the regulation of blood pressure in newborn than in the 
adult rabbit. 
 The carcliovascular effects of graded arterial or venous 
haemorrhage were evaluated in developing swine ( less than or equal 
to 1day, 2-5 days, 1 week  and 2 weeks of age ) ( Buckley et al., 
1984); a decrease in renal, femoral, and carotid arterial blood flows 
occurred in all animals. The studies of Siegel and Fisher (1979, 1980) 
indicated that the RAS is quite active in the late gestation foetus and 
in the newborn lambs. Haemorrhage of 20% of blood volume 
increased plasma renin activity (PRA) in both newborn and adult 
sheep. The response tended to be greater in the newborn, and the 
resting PRA was higher in the lambs (Rose et al., 1987). The authors 
reported that haemorrhage stimulated the secretion of AVP and 
catecholamines in newborn and adult sheep. The response of 
noradrenaline to haemorrhage was greater in lambs than in the adults, 
whereas adrenaline responses were not different between the age 
groups.  
 
 
1.6.3 Effect of age on the haematological responses to 
haemorrhage  
 The physiological responses to haemorrhage include the 
restitution of blood volume in the foetal sheep are increased the influx 
of protein-rich fluid from the interstitum. In adult sheep the volume of 
water in the rumen does not confer on it any added advantage in terms 
of rapidity of blood volume restitution ( Block et al, 1989). The foetal 
sheep has a rate of blood volume restitution much faster than in the 
adult ( Barce 1983 ; Ray et al., 1988). Grimes et al. (1987) reported 
that the role of osmolality appears to be limited in lambs as in adult 
sheep,.  
 The PCV reacted to haemorrhage differently in lambs and ewes. 
The decrease in PCV was significant for lambs, but in adult sheep, the 
PCV did not change within 1 hour after 20% haemorrhage ( Block et 
al., 1987).     
 
1.7 Comparative anatomy and physiology of the spleen  
 The spleen is a discrete organ located adjacent to the stomach 
and attached to the omentum in most higher vertebrates ( Robertson 
and Newman, 2000). It is located on the left side of the abdominal 
cavity, and is always covered by some ribs in most mammals (Sisson 
and Grossman, 1975). In small ruminants, the spleen is inserted 
between the dorsal sac of the rumen and diaphragm, and is attached to 
both structures by connective tissue ( Nickle et al., 1973). The shape 
of the spleen varies between flat or oblong in cattle to small triangular 
or quadrilateral in goats and sheep.  
 The weight of the ruminant spleen depends on the size of the 
animal. Thus in the ox, the weight of the spleen is about 400gm, 
whereas in sheep it is about 100 gm ( Getty, 1975). In mammals, 
blood is supplied to the spleen by the splenic artery, a branch of the 
coeliac artery, and blood is drained by the splenic vein into the portal 
vein. The spleen is richly invested with lymphatic channels and nerves 
(Robertson and Newman, 2000).  
 The spleen is the largest lymphoid organ in the body. It has 
been compared histologically with a large haemolymphoid node as 
found in the ruminant. The splenic pulp consists primarily of 
lymphoid cells , but monophagocytic system (MPS) cells line the 
venous sinuses. Granulocytes and erythrocytes are also present . In 
early embryonic life, the spleen consitiutes a site of active 
erythropoiesis ( Valli and Jacobs, 2000).  In the postnatal period, the 
spleen produces lymphocytes and monocytes, but may produce 
erythrocytes and megakaryocytes ( Swenson, 1993).  
 Robertson and Newman (2000) noted that microscopically, the 
spleen  is formed from several structural components and a distensible 
capsule of fibrous connective tissues covers the spleen . The smooth 
muscle present in anastomosing bands facilitates splenic contraction .  
Beneath the capsule and interspersed between fibromuscular bands, 
the parenchyma is segregated into erythrocyte rich-regions (red pulp) 
and lymphoreticular regions ( white pulp).  
 
1.7.1     Functions  
 The spleen performs several primary physiologic functions 
which include phagocytosis, haemopoiesis, lymphocytopoiesis, 
haemoglubin processing, and storage and release of blood cells ( 
Robertson and Newman, 2000). The spleen filters blood through a 
sinusoidal system and it may also produce some clotting factors ( 
Valli and Jacobs , 2000).  
The spleen is important in formation of bile pigments and in 
resistance of pathogenic organisms because its T and B lymphocytes 
produce antibodies and because its MPS cells engulf bacteria, viruses  
and foreign particles ( Swenson,1993 ).  
 In dogs, horses and cats, the capsule contains large amounts of 
smooth muscles under sympathetic control and contracts after 
haemorrhage in response to the small reflex that causes vascular 
constriction. It contracts as a result of an increased response of  α-
adrenergic receptors to their agonists in rats (Kuwahira et al., 1999). 
Ruminants, rabbits and swine have little smooth muscles in their 
capsule  ( Detweilar, 1993). Splenic contraction results in an increase 
in Hb concentration in hypoxic conditions; the contraction of spleen 
and release of erythrocyte have been reported in goats (Anderson and 
Rogers, 1956) and in sheep ( Turner and Hodgetts 1959), the spleen 
constitutes a site  of significant erythropoiesis, leukopoiesis and 
lymphocytopoiesis in response to physiologic demand.  
 Damaged erythrocytes are removed from the circulation by the 
reticuloendothelial cells throughout the body, but primarily by 
reticuloendothelial cells in the spleen (Robertson and Newman, 2000). 
Furthermore, splenic stores of erythrocytes and leukocytes constitute  
important sources of these cells during physiologic demand . The 
ability of the spleen to act as a reservoir of cells and fluid is variable, 
depending on the species. However, it provides an important 
mechanism for preservation of homeostasis.  
 The spleen function is related to the control of certain blood 
parasites. Calves are resistant to Anaplasma marginale, but become 
susceptible after removal of the spleen ( Brodey and Schalm, 1963).  
The authors also reported that splencentomy may be followed by acute 
flare-up of haemobartonellosis in dogs.  
 
1.7.2 Physiological responses of animals to splenectomy  
1.7.2.1 Haematological responses  
 The surgical removal of spleen is indicated in many pathologic 
condition, such as hypersplenism, chronic congestive splenomegaly 
(Bantis syndrome), trauma and other haematological diseases such as 
acquired haemolytic anaemia and idiopathic thrombocytopenic 
purpura and leukaemia (Walter and Israel, 1987).  
 Hanzawa et al.(1999) reported that the haemolysis of 
circulating eryhrocytes in horses was significantly decreased by 
splenectomy. Winrtrobe (1967) reported alterations in cellular 
elements of blood following splenectomy. Nucleated red cells as well 
as corpuscles with Howell-Jolly bodies and reticulocytes are increased 
and diffuse target cells are found in man and experimental animals 
following splenectomy.  
 Following splenectomy, there is an immediate neurtophilic 
leukocytosis followed by a mild increase in lymphocytes, monocytes 
and eosinophils ; these changes may last for a long time (Walter and 
Israel, 1987). The authors reported that thrombocytosis is maximal 
about 3 weeks after splenectomy. This may be attributed to the 
removal of the normal storehouse for about one-third of the blood 
platelets.  
 
1.7.2.2 Immunological responses  
 The spleen is the largest single secondary lymphoid organ and 
the most important organ of the reticuloendothelial system.  
 Splenectomy in humans affects the distribution of T-
lymphocyte                   subpopulation in the peripheral blood (Wang 
et al.,1988 ; Wolf et al., 1999). Post-traumatic splenectomy has long–
term impairment of humoral and cellular immunity. It responds to 
encapsulated bacteria such as Sterptoccocus pneumonia in humans 
(Hansen and Singer, 2001). Also splenectomy reduces the level of 
immunoglobulin  M (IgM)in humans (Eibl, 1985), defective switching 
from IgM to IgG and impaired B-cell function in T-cell dependent 
assay (Drew et al., 1984).       
 
1.8 Physiological functions of epinephrine (adrenaline) 
Adrenaline is one of the catecholamines secreted from the inner 
adrenal medulla . It exerts its effects by actions on  α and β – 
adrenergic receptors. 
 
1.8.1 Cardiovascular  responses  
Adrenaline increases the  mean  arterial pressure  and cerebral 
blood flow in sheep (Myburgh et al., 1998). Administration of  
adrenaline at a rate of 0.4 to 0.6 µg/kg/min resulted in maximum 
systolic blood pressure and bradycarida in lambs ( Sapien et al., 
1992).  
 Hoffman (2001) reported that adrenaline is very potent 
vasoconstrictor and cardiac stimulant . The rise in systolic pressure 
that occurs after adrenaline release or administration is caused by its 
positive enotropic and chronotropic action in the heart (predominant 
β1 -recptors ) and vasoconstriction induced in vascular beds (α-
receptors).The author added that injection of adrenaline may cause fall 
in diastolic pressure. 
 
1.8.1 Haematological responses  
 The catecholamines influence red blood cell release into the 
circulation via splenic contraction (Davies and Withrington, 1974). 
After inrtavenous injection of epinephrine, non-circulating 
erythrocytes were released in newborn and adult sheep (Block et al., 
1989).  
 Adrenaline doses from 0.01 to 0.1 µg/kg resulted in a small 
decrease in Hb concentration; this is probably attributed to splenic 
vasodilation increased by sitmulatioin of the β-adrenergic receptors 
that occurs in low doses of adrenaline in rats (Reilly, 1985). However, 
at high doses, the increase in Hb concentration was pronounced in rats 
(Kuwahira et al., 1999). Hoffman (2001) suggested that in high 
concentrations, adrenaline causes leukocytosis, in part by promoting 
demargination of white blood cells sequestered away from the general 
circulation.     
 
1.8.2 Metabolic responses 
Catecholamines cause marked hyperglycaemia , increased 
calorigenesis, lipolysis, elevated blood lactate and increased serum 
potassium . Hyperglycaemia results from enhanced liver 
glycogenolysis, while increased blood lactate ensues from stimulation 
of muscle glycogenolysis. The calorigenic effects of catecholamines 
probably result from cutaneous vasoconstrition, increased muscle 
metabolism and a rise in lactic acid oxidation in the liver (Dickson, 
1993). The author added that an increase in the activity of the 
sympathetic nervous system and adrenal medulla may constitute the 
most important physiological stimulus for the mobilization of fatty 
acids from adipose tissue and their subsequent release into blood 
stream.  
 Adrenaline leads to activation of β- adrenoreceptors in the fat 
cells which leads to increased lipolysis (Hoffman, 2001). The author 
noted that adrenaline in high concentration may cause metabolic 
acidosis and promote the uptake of K into cells leading to a fall in the 
plasma K concentration.   
 
1.9    Objectives  
 The information delivered previously in the literature  indicates 
that the goat is extensively used as a mammalian research model in 
various disciplines, particularly in physiological studies. 
Haematological investigations into the responses of mammals to 
haemorrahage and splenectomy provide useful scientific knowledge 
that could be utilized in medicine, surgery and immunology. Such 
information is also essential for evaluation of efficiency of 
haemopoietic and other compensatory mechanisms involved in 
restoration of homeostasis. Accordingly the studies described in this 
thesis have been designed and conducted to investigate the following 
relationships in goats:  
1) Effects of level of bleeding on thermoregulatory and 
haematological responses.  
2) Effects of age of animals on the physiological responses to 
moderate haemorrhage.  
3) Effects of splenectomy on haematological responses . 
4) The physiological responses to haemorrhage and adrenaline 
injection in normal and splenectomized animals .           
CHAPTER TWO 
 
MATERIALS AND METHODS 
 
2.1     Experimental animals 
A total number of 53 apparently healthy, female Sudanese 
Nubian goats were used in the studies. They were obtained from the 
local market and were selected according to their morphological 
characteristics. 
 
2.2     Housing and management 
The experimental animals were kept in pens throughout the 
studies. The roof of the pens was 3 metre in height and was 
constructed with corrugated zink sheets and the floor was made of 
concrete. The house was well ventilated. The animals were fed 
leucerne hay (Medilago sativa) and watered ad libitum. Also they 
were screened for baseline haematological parameters to ensure that 
they are healthy. The animals were given an anthelmintic injection 
(Ivomic : 1ml/50 kg BW: Alpha Laboratories Ltd , India), and 
antimicrobial injection (Oxytetracycline: 3ml/animal/day for 5days : 
Alpha Laboratories  Ltd , India) . The animals were kept in the pens 
for an adaptation period of       2 weeks before experimentation so that 
they were accustomed to handling, experimental conditions and 
collection of the blood samples. The animals were ear tagged for 
individual identification. 
2.3     Clinical measurements 
2.3.1   Rectal temperature (Tr) 
 The measurement of rectal temperature (Tr) of the 
experimental animals were made to the nearest ± 0.1ºC using a 
certified mercury – in –glass clinical thermometer (Hartman – United 
Kingdom) . The thermometer was inserted into the rectum to a depth 
of approximately 4 cm for 2 min. before the reading was obtained. 
2.3.2    Respiration rate (RR)  
  The  respiration   rate (RR)  was  measured by  visually 
counting  the  
flank movements with the aid of a stopwatch. The values were taken 
for one minute of regular breathing. 
2.3.3  Heart rate (HR) 
The heart rate (HR) was measured by monitoring with the aid of 
a stethoscope and stopwatch . The values were taken for one minute 
with the animal standing quietly. 
2.4    Body weight (BW) 
During the experiments, the goats were weighed to the nearest    
0.1 kg  using a traditional balance (Every – United Kingdom). 
2.5     Haematological measurements   
2.5.1  Collection of the blood samples 
The area of collection was shaved and scrubbed by a 
disinfectant (70% ethanol) before the jugular vein was punctured. 
Then blood was collected using 5 ml plastic disposable syringes. 
Immediately 1 ml of blood was transferred to a clean dry test tube 
containing disodium ethylene diamine tetra acetate (Na2- EDTA) as an 
anti-coagulant for blood analysis. 1 ml of blood was also transferred to 
another test tube containing sodium fluoride to inhibit the enzymatic 
reaction (Kelly, 1984) and was centrifuged at 3000 r.p.m. for        15 
min. The plasma separated was used for glucose determination. The 
rest of the blood was allowed to stay for 2 hours at room temperature 
and then centrifuged  at  3000  r.p.m  for 15 min. to separate serum. 
Haemolysis-free serum samples were pipetted into clean vials and 
immediately frozen at - 20°C for subsequent analysis. 
2.5.2  Masurement of blood volume  
The blood volume was determined using Evans blue dye (T- 
1824) according the method described by Pirkle and Gann (1976). 
The goat was weighed and fasting sample for dye blank and 
PCV determination was taken initially from the right jugular vein .The 
dye (120mg/100ml) was given .Then 5ml of blood sample were taken 
from the jugular vein on the opposite side at intervals of  5, 10, 15 and 
20 min post- injection. The blood samples were centrifuged at 3000 
r.p.m. for 30 min. and haemolysis- free plasma samples were pipetted. 
The standard curve for the dye was constructed by dilution of stock 
standard solution to give 0.002, 0.004, 0.006, 0.008 and 0.01 mg/ml, 
and the optical densities of the      samples were obtained against 
blank  using 626 nm filter in a colorimeter (Corning -250) . The 
optical density of the plasma from the four samples were read and 
plotted in order to obtain by extrapolation the density at zero time. 
The concentration of the dye in plasma was obtained from the 
standard curve . Then the total plasma volume was calculated as 
follows: 
                                                Amount      of   dye    injected 
        Plasma  volume         =         
                                               Concentration of dye in plasma 
 
The total blood volume was calculated as follows: 
                                                       Plasma volume    
       Total  blood  volume    =                                            × 100 
                                                        100 – PCV                         
 
The blood volume values were also expressed in ml/kg body weight. 
 
2.5.3  Erythrocytic indices 
The parameters of erythrocytic series were determined  
according to the methods described  by Jain (1986) in : Schalm’s   
Veterinary Haematolgy. 
2.5.3.1 The packed cell volume (PCV) 
   The packed cell volume (PCV) of erythrocytes as percentage 
of whole blood was measured in duplicate using a microhaematocrit 
centrifuge               (Hawksley, London). Plain capillary tubes were 
filled with blood to approximately 3/4 and one end was sealed by 
cristaseal. The tubes were centrifuged at 12 r.p.m. for 5 min. in the 
microhaematocrit centrifuge. A special reader was used to determine 
PCV as percentage of whole blood. 
 
2.5.3.2  Haemoglobin concentration (Hb) 
   This was determined by the cyanomethaemoglobin technique 
using  Drabkin’s solution as described by Baker and Silverton (1985). 
Principle 
  Haemoglobin is oxidized by potassium ferricyanide to 
methaemoglobin which is converted into cyanomethaemoglobin  by 
potassium cyanide.        The optical density (O.D.) of 
cyanomethaemoglobin is proportional to haemoglobin concentration. 
Reagents 
Cyanide reagent (Drabkin’s soluation) 
0.2g  of  potassium cyanide was added to 0.05g of  potassium 
ferric cyanide and 0.14g of potassium hydrogen diorthophosphate ; all 
the components were dissolved in 1 litre of distilled water. 
Standard 
One ml of human Hb standard (Biosystem, Spain) with a 
concentration of 11.5 g/dl was used as standard. 
Procedure 
Four ml of cyanide reagent was used as a blank to adjust zero 
point. For the standard, 20µl of blood, in which the concentration of  
Hb is known, were added to 4 ml of cyanide reagent. For the test, 20 
µl of the test sample were added to 4 ml of  cyanide reagent. The tubes 
were mixed and allowed to stand for 10 min. at room temperature. 
Then the optical density (O.D.) of the sample and standard were read 
at 540 nm using a colorimeter (Corning- 250). The concentration of 
Hb was calculated as follows:                                               
 
                         O.D. Sample 
 Hb (g/dl)  =                                ×  Concentration of standard 
                        O.D. Standard 
                                    
 
 2.5.3.3   Reticulocyte count 
Manual count was used for determination of  the reticulocyte 
count. The staining solution was prepared by dissolving 1.0 g of new 
methylene blue in 100 ml of isometric phosphate buffer (pH 7.4). 
Procedure 
Two or three drops of the dye solution were delivered into a 
plastic tube. Then 2 – 4 volumes of EDTA – anticoagulated blood 
were added and mixed. The mixture was kept at 37°C for 15 – 20 min. 
Films were made in glass slides and when dry, the films were 
examined without fixing or counter staining. The cells were counted 
using oil immersion lens. 
        Calculation 
                 Number of reticulocytes in n fields      = n 
                 Averge number of red cells per field    = Y 
                Total number of red cells per field        = XY 
                     Reticulocyte (%)                           =                    
                   
 Absolute reticulocyte count = (%) × Erythrocyte count. 
2.5.4  Leukcytic indices 
The methods described by Jain (1986) in Schalm’s Veterinary 
Haematology and Kelly (1984) in  Veterinary Clinical Diagnosis were 
used for the determination of the parameters of leukocytic series. 
2.5.4.1 Total leukocyte count (TLC) 
   The leukocytes were counted in improved Neubauer haemato- 
cyometer using Turk's solution as a dilution fluid (glacial acetic acid 1 
ml, 1% aqueous gentian violet 1 ml, distilled water up to 200 ml). The 
pipette was filled with blood to the 0.5 mark and filled with the 
diluting fluid to 11 mark on the stem distal to the bulb, the dilution of 
blood obtained was 1:20.         The improved Neubauer 
haemocytometer and cover slip were cleaned and the  
cover- slip was pressed on the surface of the  haemocytometer. The 
diluted blood was mixed thoroughly and the counting chamber was 
filled carefully, and then the cells were allowed to settle. 
Under low power (X 10) of bright field microscope (Olympus- 
Japan), the number of white blood cells was counted in each of the 4 
X        x 100 
n x Y 
large corner squares. The calculation was made by multiplying the 
number of cells (N) counted by both the diluting factor and the 
volume factor. 
Each large square has an area of 1 mm2 and a depth of 0.1 mm, 
giving a volume of 1 mm3. Since 4 large sequares were used for 
counting, the total volume was 0.4 mm3.  Because the standard 
volume used in cell counts is       1 mm3, this volume was multiplied 
by 2.5. The total leukocyte count was obtained as follows:                   
                                                                           N                                               
       Total leukocyte count (X 103/ µl)        =                      × 20 
                                               0.4         
                                   =       N × 50 
  
2.5.4.2   Differential leukocyte count (DLC) 
     Giemsa–May–Grünwald staining of blood smear was used to 
determine microscopically the percentages of lymphocytes, 
neutrophils, monocytes, eosinophils and basophils. 
(a)      Preparation of blood smear     
The blood smear was prepared from freshly drawn blood by 
placing a drop of blood in the centre line at the end of a clean slide, 
then the blood was spread using the spreader slide. The smear was 
dried at room temperature and fixed by placing in methyl alcohol   for 
3 min. 
(b)    Staining the blood smear 
         The blood smear was stained by the Giemsa May–Grünwald 
technique. 
Giemsa stain was prepared by transferring 3.8 g of  Giemsa 
powder to a dry brown bottle, 250 of methanol was added to the stain 
and mixed well. Then 250 ml of glycerol were also added to the stain 
and mixed well. The stock of the stain was kept at room temperature. 
May – Grünwald stain was prepared by transferring 0.3 g of the stain 
powder to a dry brown bottle ;       100 ml of methanol was added to 
the stain and mixed well and warmed to 50°C and cooled at room 
temperature. 
(c)     Procedure of staining  
The blood smear was transferred directly to May – Grünwald 
freshly diluted 1:1 with buffered water for 5 – 10 min ; then it was 
transferred directly to Giemsa stain diluted 1:10 with buffered water 
for 10 – 15 min. Finally the smear was washed with buffered water 
and allowed to dry. 
(d)     Counting 
The blood smear was examined using oil immersion lens (× 
100) in the ideal area of film. To give representative sampling of all 
portions of the smear, examination of the smear was done by 
Battlement method. The differential leukocyte count was performed 
by counting and classifying 100 leukocytes. 
2.5.5   Thrombocyte count 
 The thrombocyte (platelet) count was performed using the 
indirect method (Jain, 1986).The diluting fluid was prepared as 3.8 g 
sodium citrate, 0.2 ml formaldehyde 40%, 1 g brilliant cresyl blue, 
made up to 100 ml with distilled water. 
Procedure 
The diluting fluid was drawn to the 0.1 mark of the red cell 
pipette and immediately expelled . Well mixed blood was drawn to the 
0.5 mark, and the diluent was added to the 101 mark, then the pipette 
was shaken for 5 min. Both sides of the haemocytometer were filled. 
The haemocytometer was placed in a Petri dish contaning moistened 
filter paper and 15 min were allowed for the thrompocytes to settle. 
Then the surface of   haemocytometer chamber was focused, dim light 
makes the thrombocytes visible. Thrombocytes were counted in the 
entire centre (1.0 mm2 ) usually used for erythrocyte count. 
 
                            Thrombocytes count (µl) =  N x 1000 
                                             
2.5.6    Serum  metabolites 
2.5.6.1  Serum total protein 
The concentration of serum total protein was determined using 
Biuret reagent as described by King and Wooton (1965). 
Principle 
Copper in alkaline solution reacts with peptide bonds of amino 
acids in protein producing  a  violet colour. 
Biuret : NH2–CO–NH–CO–NH2                                             
One  copper  atom  complexes  4 molecules of  Biuret,  the linkage 
being to central nitrogen atom, the shade of colour being  different for 
different proteins. 
Reagents 
 (1)    Biruet reagent (stock reagent) 
Nine grams of sodium potassium tatrate were dissolved in 400 
ml of NaOH. 3g of copper sulphate (CuSO4 – 7 H2O) were dissolved. 
Then   5 g of potassium iodide were added and the volume was made 
up to 1 litre with 0.2N  NaOH. 
 
 (2)    Colour reagent 
    From the stock reagent, the test reagent was prepared by diluting   
50 ml of stock reagent to 25 ml of the 0.2 N NaOH solution 
containing    5 g of potassium iodide per litre. 
Procedure 
    The test solution was prepared by mixing 0.02 ml of serum with     
3 ml of Biuret reagent, the blank was prepared by adding 0.02 ml of 
distilled water to 3 ml of Biuret reagent, while the standard consisted 
of 0.02 ml of standard (6.0 g bovine albumin /100 ml of distilled 
water) and 3 ml of Biuret  reagent. Each of the 3 tubes containing the 
blank, standard and test were mixed thoroughly and allowed to stand 
for 3 min. at room temperature. The optical densities (O.D.) were read 
at 540 nm using a colorimeter (Corning – 250) 
                                                                       O.D.Sample 
Serum total protein concentration (g /dl) =                                  × 6 
                                                                    O.  D. Standard               
2.5.6.2 Serum albumin 
Serum albumin concentration was determined by the 
colorimeteric method of Bratholomew and Delaney (1966). 
Principle 
The method depends on dye binding. Bromocersol green (BCG) 
is the best binding reagent that gives green colour with albumin at low 
pH (3.8 - 5.0). 
Reagent  
0.174 of BCG was dissolved in 25 ml of 0.1N NaOH and the 
volume was made up to 250 ml with distilled water. 6 ml of BCG was 
added to 17.3 ml of 29.4 % molar sodium citrate and 32.7 ml of 21% 
molar citric acid. The volume was completed to 1 litre with distilled 
water and the pH was adjusted to 3.8. 
 
Procedure 
For the test, 0.02 ml of serum was added to 4 ml of BCG. The 
standard was prepared by mixing 0.02 ml of standard ( 4 g  bovine 
albumin / 100 ml of distilled water) with 4 ml of BCG. 4 ml of BCG 
were  used as blank. The O.D. of test and standard were read at 620 
nm using   a  colorimeter (Corning - 250) 
 
                                                                    O. D. ample 
Serum albumin concentration (g / dl) =                                       × 4 
                                                                   O. D. Standard 
 
2.5.6.3  Serum  urea 
    Serum urea concentration was determined by the enzymatic 
method test (Berthlot) using a  kit ( Spinreact,S.A.,  Spain). 
Principle 
Serum urea is hydrolysed to ammonia (NH3) in the presence of  
urease. The NH3 is measured photometrically. 
                       Urea +H2O      urease      2 NH3 + CO2 
Reagents 
Reagent 1 was composed of 116 mmol / L of EDTA , 601 mmol 
/ L of sodium salicylate, and 2 – 3 mmol / L of sodium nitroprusiate, 
whereas reagent 2 contined 140 mmol / L of sodium hypochlorite and 
150 mmol / L  of  NaOH. Reagent 3 (tablet) contained 30000 U /L of 
urease. The standard solution contained 50 mg /dl of urea. 
Preperation and stability of working solution  
Solution 1 was prepared by dissolving one tablet of reagent 3 in 
one bottle (150 ml) of reagent 1, and then mixing well. This solution 
(R1 + R2) is stable for 4 weeks at 2 – 8°C or 1 week at room 
temperature. 
Procedure 
The test was prepared by adding 0.01 ml of serum to 0.1 ml  of   
solution 1 . The blank was prepared by adding 0.01 ml of distilled 
water to 0.1 ml of solution 1, while the standard consisted of 0.01 ml  
of standard and 0.1 ml of solution 1. The tubes were mixed and 
incubated at 37°C for 5 min. Then 1 ml of reagent 2 was added to the 
tubes, and then the tubes were mixed well and incubated at 37°C for 5 
min. The O.D. of test and standard were measured against the blank at 
580 nm using the colorimeter (Corning, 250) . 
                                                                O. D.    Test       
Serum urea concentration (mg/ dl) =                               × 50 
                                                                O.D.Standard   
2.5.6.4  Plasma glucose 
  The plasma glucose concentration was determined by the 
enzymatic colorimetric method using a kit (Spinreact,S.A., Spain) . 
Principle 
The plasma glucose concentration was determined by the 
enzymatic oxidation in the presence of glucose oxidase. The hydrogen 
peroxide formed reacts, under catalysis, with phenol and 4- 
aminophenazone to form a  red violet dye as indicator.       
Glucose 
 Glucose + O2    +  H2O                          Gluconic acid + H2O 
     Oxidase         
Reagents   
Reagent 1 
The solution was composed of 92 mmol/L of tris buffer (pH 
7.4) and 0.3 mmol/ L of phenol. 
 Reagent 2 (Enzymes) 
The reagent was composed of 1500 U/L of glucose oxidase and 
1000 U/L of peroxidase. 
  Standard solution 
  The standard solution was prepared by dissolving 100 mg  of 
glucose in 100 ml of distilled water. 
Procedure 
For the test, 0.01 ml of the plasma was added to 1.0 of working 
reagent. For the standard, 0.01 ml of the standard was added to 1.0 ml 
of working reagent. The blank was prepared by mixing 0.01 ml of 
distilled water with 1.0 ml of the working reagent. The tubes were 
mixed and incubated for 30 min. at 37°C. Then the O.D. of sample 
and standard were read at 520 nm using a colorimeter (Corning – 
250). 
                                            
                                              
                                              O.D.Sample 
Plasma   glucose (mg / dl) =                               × 100 
                                                  O.D Standard  
2.5.8    Serum  minerals 
The macrominerals, sodium (Na), calcium (Ca) and magnesium 
(Mg) were measured. 
2.5.8.1  Serum  Na 
    The concentration of Na in serum was determined by flame 
photometr technique as described by Wooton (1974). 
 
Reagents 
A stock solution of NaCl was prepared by dissolving 0.63g of 
dry (Analar) NaCl in 500 ml of distilled water. A working standard 
was prepared by diluting the stock solution 1:50 to give a standard 
with a concentration of 1mg/100 ml of  distilled water. The calibration 
curvefor Na was constructed by diluting the standard solution to give 
0.2, 0.4, 0.6, 0.8 and 1.0 mg/dl distilled water against the photometer 
units. 
Procedure 
A volume of 1.0 ml of serum was diluted with 9.9 ml of 
deionized distilled water in a test tube. The zero reading was adjusted 
by deionized  distilled water. The high standard (1mg/100ml D.W.) 
was adjusted to the upper setting of 100 . Then the standard and 
samples were measured using a flame photometer (Corning 250- UK). 
Serum Na concentration was measured in mEq/L. The value was read 
from the standard curve . 
2.5.8.2 Serum Ca   
Serum Ca concentration was determined by the colorimetric 
method described by Trinder (1965) using chloranilic acid and ferric 
nitrate. 
Principle 
The method is based on the fact that calcium ions (Ca++) form a 
violet complex with ethanolamine in alkaline medium. 
Reagents 
      Chloranilic acid (0.5 %) 
0.5g of chloranilic acid was dissolved in 100 ml  of distilled 
water containing 0.4 ml of ethanolamine. Then 50 mg of sodium 
cyanide were added. The solution was allowed to stand overnight and 
then the clear upper layer was stored in the refrigerator. 
Ferric nitrate solution 
10g of ferric nitrate were dissolved in 200 ml of distilled water 
and     30 ml of H2SO4 were added. Then the volume was made up to 
250 ml with distilled  water. 
Standard stock   solution 
0.25g of calcium carbonate was dissolved in 100 ml of HCl    
(0.1N). The working standard solution was prepared by diluting 4 ml 
of stock standard in 100 ml of  D.W.  
Procedure 
For sample and standard preparation , 0.5 ml of serum sample 
and working standard were placed in 2 test tubes, respectively. Then 1 
ml of chloranilic acid was added to each tube. Both tube were 
centrifuged at 3000 r.p.m. for 5 min. Then the supernatant was 
decanted and the tube drained on clean filter paper. The precipitate 
was washed with distilled water, then centrifuged, decanted and 
washed again. The precipitate was dissolved in 4 ml of 4% ferric 
nitrate and left to stand for 5 min. The optical density (O.D.) was read 
at 500 nm in a spectrophotometer (JENWAY – 6105 UV, UK) using 
ferric chloride as a blank. 
Calculation 
                                                               O.D.Sample           
Serum Ca concentration (mg/dl)       =                                   × 10 
                                                               O.D. Standard  
 
2.5.8.3    Serum Mg 
The concentration of Mg in serum was determined as described 
by Neil and Neely (1956). 
Principle 
The method is based on the reaction of  titan yellow with Mg  
ions  to give a  red colour. 
Reagents 
Stock standard magnesium solution 
8.358g of analytic grade magnesium (MgCl2) was dissolved in 
distilled water and made up to 1 litre with distilled water and  kept  in 
polyethylene bottle. 
Working standard 
One ml of stock solution was diluted in 200 ml of distilled 
water (must be fresh). 
Polyvinyl  alcohol reagent 
one ml of  polyvinyl alcohol  was dissolved in 400 ml of 
distilled water using gentle heating. Then it was cooled and made up 
to 1 liter with distilled water. It was stored in polyethylene bottle. 
Titan yellow working solution  
For the stock solution, 0.59 g of titan yellow was dissolved in 
100 ml of distilled water. A working solution was prepared from the 
stock solution by dilution of  2 ml of  stock solution in 100 ml of 
distilled water.   
Sodium hydroxide solution (7.5%) 
15g of analytic grade sodium hydroxide NaOH were dissolved  
in 150 ml of distilled water. Then it was cooled and made up to 200 
ml with distilled water. 
Procedure  
  The tubes for sample and standard were  prepared  by placing   
0.2 ml  of serum and working standard in two test tubes, respectively. 
3 ml of distilled water were used as a blank. To all tubes, 0.5 ml of 
polyvinyl alcohol, 0.5 ml of working titan yellow and 1 ml of 7.5% 
NaOH solution were added, and the tubes were allowed to stand for 5 
min. Then the optical densities (O.D.) were read at 540 nm using a 
spectrophotometer (JENWAY – 6105 UV, UK). 
Calculation 
                                                            O.D. Sample 
Serum Mg concentration (mg/dl) =                                   × 2.5 
                                                                O.D. Standard                                           
2.6  General experimental plan 
The general experimental plan is outlined in Table 2.1. The 
details of experimental procedure are presented in specific chapters. A 
total number of 53 female goats were used in the experiments. The 
experiments have been designed and conducted to investigate the 
physiological responses of goats to the bleeding level, age and 
splenectomy. In experiment 1 , the effect of two bleeding levels on 
physiological responses was investigated. In experiment 2 , the effect 
of age on the physiological responses to moderate hemorrhage were 
evaluated. In experiment 3, the effects of splenectomy on the 
responses to haemorrhage were evaluated. The effects of injection of 
adrenaline were examined in intact and splenectomized goats. 
2.7 Statistical analysis 
The experimental data obtained from the studies were subjected 
to standard methods of statistical analysis  using statistical analysis  
system (SAS – 1988). The experiments were perfomed  according to 
the complete randomized design (factorian arrangement) . Analysis of 
variance (ANOVA) test was used to evaluate the effects of bleeding 
level, age and splenectomy on the physiological responses of goats to 
haemorrhage. The value of the parameters measured are expressed as 
means ± standard deviation (SD). The delails of results of statistical 
analysis  are presented in the Appendix . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table 2.1    General experimental plan 
 
Experiment No.of 
goats 
Experime-
ntal period 
Parameters 
1 – Effects of   bleeding  level  on 
physiological responses 
11 6 weeks Tr,RR,HR,BV and blood 
analysis  
2 – Effects of age on physiological 
responses to haemorrhage. 
12 6 weeks Tr,RR,HR,BV and blood 
analysis 
3–a Effects of splenectomy on the 
haematological responses 
11 2 weeks blood analysis 
3–b Effects  of   splenectomy   on     
the physiological responses to 
haemorrhage 
11 7 weaks Tr,RR.HR.BV and blood 
analysis 
3–c Effects of splenectomy on the 
physiological   responses   to 
injection of adrenaline 
8 2 hrs. Tr, RR. HR. and blood 
analysis 
 
             Tr  = Rectal temperature. 
                 RR = Respiration rate. 
                 HR = Heart rate. 
                 BV = Blood volume. 
. 
CHAPTER THREE 
EFFECTS OF BLEEDING LEVEL ON PHYSIOLOGICAL 
RESPONSES TO HAEMORRHAGE                                              
3.1 Introduction 
 Acute blood loss is defined as a major haemorrhage that occurs 
within a few minutes to several hours (Hillman ,1990). Severe blood 
loss threatens homeostasis as it acutely decreases blood volume and 
can lead to cardiovascular collapse, hypovolaemic shock and death 
(Hillman, 1995). A small blood loss in relation to body weight is well 
tolerated, whereas a larger volume of blood loss may be fatal (Cotter, 
1996) ; this indicates that recovery period depends on the amount of 
blood loss. Clinical manifestations of acute blood loss principally 
reflect the loss of blood volume rather than the loss of haemoglobin 
(Hillman, 1990). 
This experiment was undertaken to asses the effects two levels 
of acute blood loss, 15% and 30% of blood volume as mild and 
moderate haemorrhage, respectively on physiological responses in 
Nubian goats. 
3.2 Experimental procedure 
Eleven young adult, apparently healthy female goats weighing 
an average of 16.5 kg were used in the experiment .The animals were 
examined clinically and were kept in the animal house for an 
adaptation period of 14 days, followed by an experimental period of 6 
weeks. During these periods , the animals were fed lucerne hay and 
were offered tap water ad  libitum . The total blood volume was 
measured in all animals. The animals were randomly assigned  to  
three groups,  3 animals in group A  and  4  in each of  groups B and 
C. Group A served as control while the treated groups, B and C were 
subjected to 15% and 30% bleeding, respectively. Graduated blood 
collection bags were used to collect the specific volume of blood 
withdrawn from jugular vein . For all animals, the initial baseline 
physiological data were determined. The acute  responses were 
monitored for 9 days following bleeding. Then the parameters were 
measured  and blood samples were collected weekly for 5 weeks in 
order to determine the long-term responses to bleeding. 
During the experimental period the rectal temperature (Tr), 
respiration rate (RR) and heart rate (HR) were measured in the 
morning (8:00 a.m.) and blood samples were collected at 9:00 a.m .  
3.3   Results 
3.3.1  Blood  volume measurements 
Table 3.1 shows the results of measurements of blood volume 
(BV) for experimental animals and the volume of blood withdrawn for 
each level of bleeding. The mean blood volume in goats was 1215 ml, 
the mean body weight was 16.5 + 0.5 kg and the mean percentage of 
blood volume related to body weight was 7.4% . 
3.4.1  Rectal temperature (Tr) 
Fig. 3.1 shows the results of the effect of bleeding level on 
rectal temperature (Tr) . The initial values of Tr of the goats ranged 
between 38.2 and  39.2ºC. The treated groups had higher mean initial 
values of Tr compared to the mean value measured for the control 
group. Generally, for the treated groups of goats, there was an initial 
gradual increase in Tr following bleeding for 2 hr, and the normal 
values of Tr were recovered after about  5 hrs .There was decrease in 
Tr in all groups  in the last 3 weeks of experimental period to 
subnormal values. The general trend also indicates that there was 
increase in Tr with increase in the bleeding level during 2hrs post-
bleeding. For values measured immediately after bleeding , the   goats  
had  significantly  higher  Tr  values  with  30 %  bleeding 
 
 
 
 
 
Table 3.1 Normal blood volume values in experimental animals and 
the               volumes of   blood withdrawn at 15% and 
30% bleeding levels . 
 
Bleeding  level 
Group 
Animal 
No. 
BW 
(kg)  
BV 
(ml)  
BV  ×100
BW 15% 30% 
92 16.0 1297 8.1 - - 
93 13.0 999 7.7 - - A 
97 16.5 1180 7.0 - - 
94 16.5 1308 7.9 - 392 
88 19.0 1435 7.6 - 431 
89 20.0 1410 7.1 - 423 
B 
96 16.0 1125 7.0 - 337 
91 15.0 1143 7.6 172 - 
95 16.5 1168 7.1 175 - 
99 16.0 1111 6.9 167 - 
C 
98 17.0 1190 7.0 179 - 
       
      B.W: Body weight. 
        B.V : Blood volume. 
36.0
36.5
37.0
37.5
38.0
38.5
39.0
39.5
40.0
Pre Post 1 2 3 4 5 6 1 2 4 6 9 2 3 4
Time
Tr
  (
o C
) 
Control 30% bleeding 15% bleeding
Hrs Days Weeks
Fig. 3.1  Effect of bleeding level on rectal temperature (Tr) in goats.
 
compared  with the  values obtained for  the  control  group  at 1hr  after  
bleeding      (P< 0.05), at 2 hrs, 3 hrs, 4 hrs,  and 5 hrs after bleeding 
(P< 0.01) and at 6 hrs, 24 hrs and 48 hrs after bleeding (P< 0.05). 
3.3.3  Respiration rate (RR) 
                The effect of bleeding level on RR is shown in Fig 3.2. The 
initial mean values of RR of the experimental groups were almost 
similar (≈ 25 breaths/min.) . The control group maintained this value 
until the end of experimental period. Generally, the treated groups of 
goats maintained higher values of RR following bleeding until day 4 
and there was an increase in RR with increase of bleeding level. After 4 
days all groups maintained a steady pattern until the end of 
experimental period. Immediately after bleeding, compared to the 
values obtained for the control group, RR was significantly (P< 0.05) 
higher with 30% bleeding . The 30% bleeding group had significantly 
(P< 0.01) higher RR values compared with control and 15% bleeding 
group at  1 hrs, 2 hrs, 3 hrs, 4 hrs,  5 hrs and 6 hrs after bleeding . 
3.3.4 Heart rate (HR) 
Fig 3.3 shows the effect of bleeding level on HR. The initial 
mean value of HR was higher in  the control group. Following bleeding, 
treated groups had higher mean values of HR compared with the control 
until day 2. Then the values of treated groups returned to normal after 4 
days. There was increase in HR with the increase of bleeding level. 
After day 4, the experimental animals showed fluctuations in their 
pattern until the end of experimental period . Immediately after 
bleeding, the 30% bleeding group had significantly (P< 0.05) higher HR 
compared with control group value. At 2 and 3 hrs after bleeding, the 
treated groups had significantly (P< 0.01) higher HR values compared 
with control . At 5 and 6 hrs after bleeding, the 30% bleeding group had 
significantly (P< 0.01) higher HR values compared with control. The 
30% bleeding group  also had significantly  
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    Fig.3.2  Effect of bleeding level on respiratary rate (RR) in goats.
Fig.3.3  Effect of bleeding level on heart rate (HR) in goats.
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higher  HR values compared with control at 6 hrs (P< 0.05) and at 24 
hrs (P< 0.01) following bleeding . 
3.3.5 Packed cell volume (PCV)  
The results of the effect of bleeding level on PCV are shown in 
Fig 3.4. The initial values of PCV were similar (≈ 27%). Immediately 
post-bleeding,  the PCV was maintained with 15% bleeding and it 
showed a slight decrease with 30% bleeding. There was a sharp 
decrease in PCV of  treated groups at 6 hrs post-bleeding. Generally, 
the treated groups showed  lower mean values of PCV compared with 
the control until day 6 post-bleeding. The groups subjected to 15% and 
30% bleeding had significantly (P< 0.01) lower values of PCV at 6, 24, 
48 and 96 hr post- bleeding compared with the control . The 30% 
bleeding  group had significantly (P< 0.05) lower PCV mean values 
compared with the control at days  6 and 9 after bleeding. The PCV 
recovered the initial normal values at day 6 with 15% bleeding and after 
2 weeks with 30% bleeding .Thereafter, the control and treated groups 
maintained an almost similar and steady level of PCV until the end of 
experimental period. 
3.3.6 Haemoglobin concentration  (Hb) 
Fig 3.5 shows the effect of bleeding level on Hb concentration. 
The initial values of Hb ranged between 9.8 and 11 g/dl. The general 
pattern indicates that for all experimental groups, there was no marked 
change in Hb concentration immediately post-bleeding. However, the 
treated groups showed a sharp decrease in Hb level at 6 hrs post-
bleeding, and the decrease was more pronounced with 30% bleeding. 
Thereafter, the control group showed an almost steady level and the 
treated groups showed gradual increase in Hb level. The 15% bleeding 
group recovered the normal Hb level at day 6 and subsequently the 
values were approximately similar to the contol group values. The 
30% bleeding group showed a gradual increase in Hb level until day 
9, maintained an almost steady  
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Fig.3.4  Effect of bleeding level on packed cell volume (PCV) in goats.
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Fig.3.5   Effect of bleeding level on haemoglobin concentration (Hb) in goats.
level at weeks 2,3 and 4, and then the level increased to assume levels 
similar to the control and 15% bleeding group in weeks 5 and 6. At 6 
hrs, 24 hrs and 48 hrs, the treated groups had significantly (P< 0.01) 
lower values of Hb concentration compared to values obtained for the 
control. The mean values of Hb with 30% bleeding were significantly 
(P< 0.05) lower compared with the respective control group values at 
days  4, 6 and 9. 
3.3.7  Total leukocyte count (TLC) 
Fig 3.6 shows the effect of bleeding level on TLC. The mean 
initial values of the control and treated groups were similar (≈ 10×103 
/µl). The control group showed fluctuating pattern for TCL during the 
experimental period. There was no marked change in TCL of treated 
groups immediately after bleeding. However, both treated groups 
showed a sharp decline in TCL 6 hrs post-bleeding. Then both treated 
groups showed gradual increase in TCL, so that the normal control 
values were attained at day 6. Thereafter, the control and treated 
groups had almost similar values of TLC until the end of the 
experimental period. The group subjected to 30% bleeding had 
significantly (P< 0.05) lower TLC mean value compared with the 
control group 6 hrs post-bleeding . 
3.3.8 Diffrential leukocyte count (DLC) 
3.3.8.1 Lymphocyte ratio  
Fig 3.7.shows the effect of bleeding level on lymphocyte ratio. 
Generally, the treated groups showed lower mean values of 
lymphocyte ratio compared with 
the control during the experimental period. The initial values of 
lymphocyte ratios ranged between 57 and 62%. There was no 
difference in lymphocyte ratio immediately after bleeding. The control 
group maintained an almost steady lymphocyte ratio (≈ 60%) during 
the experimental period. The treated groups showed significantly (P< 
0.01) lower values at 6 hrs following bleeding. Thereafter, for both 
treated groups, the lymphocyte ratio increased to attain the  
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Fig.3.6  Effect of bleeding level on total leukocyte count (TLC) in goats .
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Fig.3.7  Effect of  bleeding level on lymphocyte ratio (%) in goats.
 
control group values at day 2 for 15% bleeding group and day 6 for 
30% bleeding group. Following day 6, the control and treated groups 
maintained an almost similar pattern. The group subjected to 30% 
bleeding had significantly (P< 0.05) lower values compared to values 
obtained for the control at days 1,2 and 4. The 30% bleeding group 
had significantly (P< 0.01) lower values compared with the control 
and 15% bleeding group at day 4 post-bleeding . 
3.3.8.2 Neutrophil ratio 
The effect of bleeding level on neutrophil ratio is presented in 
Fig 3.8. The initial values of neutrophil ratio were close to each other 
(≈ 33%). Generally, the treated groups showed higher mean values of 
neutrophil ratio compared with the control. The control group 
maintained an almost steady level (≈ 33%) during the experimental 
period. There was no change in neutrophil ratios values immediately 
after bleeding. The treated groups showed significantly (P< 0.01) 
higher means values of neutrophil ratio at    6 hrs compared with the 
control. The 30% bleeding group had significantly (P< 0.05) higher 
neutrophil ratios compared with the control group at days 1 and 2. The 
30% bleeding group had significantly (P< 0.05) higher neutrophil ratio 
at days 4 and 6 compared with the 15% bleeding group. 
3.3.8.3 Monocyte ratio  
Fig 3.9 shows the effect of level of bleeding on the monocyte 
ratio. The initial means values ranged between 3.3 and 4.5%. The 
treated groups showed fluctuations in the monocyte ratio. Generally, 
the treated groups showed lower monocyte mean values compared 
with the control until day 9. There was no marked difference 
immediately after haemorrhage. The monocyte ratio returned to the 
normal values at day 5 for 15% bleeding group and at day 8 for 30% 
bleeding group. At 6hr, the treated groups had  significantly (P< 0.05)  
lower values compared with the control. At day 1, the 30% bleeding 
group had  
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Fig.3.8  Effect of  bleeding  level on neutrophil ratio (%) in goats.
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Fig.3.9  Effect  of  bleeding level on monocyte ratio (%) in goats.
significantly (P< 0.05) lower monocyte ratio compared with the 
control group. The 15% bleeding group had significantly (P< 0.05) 
lower monocyte ratio compared with the control group at day2 . 
3.3.8.4 Eosinophil ratio  
Fig 3.10 shows the effect of bleeding level on the eosinophil 
ratio. The initial mean ratio of 15% bleeding group was higher 
compared with the 30% bleeding group and the control. There was no 
marked change in eosinophil ratio of treated groups until day1. The 
treated groups had significantly (P< 0.05) lower eosinophil ratio 
compared with the control group  at day 4. At day 6, the 30% bleeding 
group had significantly (P< 0.01) lower mean value compared with 
the control and 15% bleeding groups. 
3.3.8.5 Basophil ratio 
The effect of bleeding level on the basophil ratio is shown in the 
Appendix (A11). Generally there was no significant effect of bleeding 
level on the basophil ratio. The results did not reveal a specific pattern 
of change related to the bleeding level. 
3.3. 9 Serum total protein 
Fig 3.11 shows the effect of bleeding level on serum total 
protein concentration. The initial values of serum total protein ranged 
between 7.30 and 7.73 g/dl. The control group showed fluctuations in 
total protein level during the experimental period. There was a 
decrease in total protein level values with both bleeding levels. 
Immediately after bleeding, the 30% bleeding group showed 
significantly (P< 0.01) lower total protein value  compared with the 
control group. The normal control value  was re-established at 6 hr for 
15% bleeding and at 24 hrs for 30% bleeding. 
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Fig.3.11 Effect of bleeding level on serum total protein concentration in goats.
 
3.3.10 Serum albumin  
Fig 3.12 shows the effect of bleeding level on serum albumin 
concentration. There was no marked difference in serum albumin level 
immediately after bleeding. The control group maintained an almost 
steady albumin level (≈ 4.0 g/dl) during the experimental period. Both 
treated groups showed gradual decease in albumin level at 6 hr and 24 
hrs following bleeding.The 30% bleeding group had significantly (P< 
0.05) lower albumin level compared with the control group values at 6 
hr and days 1 and 2 . Thereafter, for both groups, the albumin level 
increased to attain the control values at day 2 for 15% bleeding and 
day 4 for 30% bleeding. Following day 4, the contol and treated 
groups maintained a similar pattern for albumin level until the end of 
experimental period. 
3.3.11 Serum urea 
The effect of bleeding level on serum urea concentration is 
shown in Fig 3.13. The initial values of serum urea level were almost 
similar for the control and  treated groups (≈ 52 mg /dl).The control  
group  maintained   an almost steady level of serum urea during the 
experimental period. Both treated groups showed an immediate rise in 
serum urea following bleeding.Thereafter, the serum urea level was 
almost steady until day 2 , then it showed progressive  decline until 
week 2, followed by a gradual increase until the end of experimental 
period. The 30% bleeding group showed higher values of urea 
compared with 15% bleeding group immediately following bleeding 
and at 6 hrs, and then it maintained a pattern similar to that obtained 
for 15% bleeding. At 6 hr, the 30% bleeding group had  significantly 
(P< 0.05) higher serum urea mean values compared with the control 
group. 
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Fig.3.12  Effect of bleeding level on serum albumin concentration in goats.
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Fig.3.13   Effectof bleeding level on serum urea concentration in goats.
 
3.3.12 Plasma glucose 
Fig 3.14 shows the effect of bleeding level on plasma glucose 
concentration. The initial values of plasma glucose level ranged 
between 45 and 55mg /dl and the control group had higher level 
compared to treated groups values. For all experimental groups, there 
were marked similar fluctuations in plasma glucose level. However, 
the general pattern indicates that the treated groups tended to maintain 
higher glucose levels occasionally. The plasma glucose level of 
treated groups was higher compared to respective control group values 
for 4 days. The treated groups values were significantly higher 
compared with the control at 6 hr (P<0.01) and at 24 hrs (P< 0.05) 
post-bleeding. 
3.3.13  Serum sodium (Na) 
          Fig 3.15 shows the effect of bleeding level on serum Na 
concentration.  
Generally, there were marked fluctuations in serum Na level for all 
experimental groups. Immediately post-bleeding there was decline in 
Na level in both treated groups, but the decline was more pronounced 
with 30% bleeding. At 6 hr, the treated groups had higher Na level 
and then both groups showed gradual increase in Na level until day 2. 
At day 4, there was decline in Na level for both treated groups,  and 
then both treated groups showed gradual increase in Na level . The 
treated  groups had  low Na  values at week 4, and  there  was sharp  
increase  at  weeks 5 and 6. 
3.3.14 Serum calcium (Ca)  
Fig 3.16 shows the effect of bleeding level on serum Ca level. 
The initial values of serum Ca were almost similar (≈ 10mg /dl) for 
the control and treated groups of goats. The control group maintained 
this value  during the experimental period. Following bleeding, both 
treated groups showed gradual decline in Ca level for 6 hr, and they 
maintained the low values until day 4 . Thereafter, for both groups, 
there was progressive increase in Ca level to attain the high control  
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Fig.3.14  Effect of bleeding level on plasma glucose level in goats.
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Fig.3.16 Effect of bleeding level on serum calcium concentration (Ca) in goats.
group level at week 2 for 15% bleeding and week 3 for 30% bleeding. 
However, throughout the experimental period, the 30% bleeding 
group maintained lower serum Ca level compared to respective values 
obtained for 15% bleeding group. The treated groups had significantly 
(P< 0.05) lower mean values of serum Ca compared with the control 
group, immediately after bleeding and at 6 hr, 24 hrs and  48 hrs. Also 
the treated groups had significantly (P< 0.01) lower mean values 
compared with the control at day 4. The 30% bleeding group had 
significantly (P< 0.05) lower mean Ca values compared with the 
control at days 6 and 9. 
3.3.15 Serum magnesium (Mg) 
Fig 3.17 shows the effect of bleeding level on serum Mg 
concentration. The initial values of serum Mg were almost similar  (≈ 
2.5 mg/dl) for the control and treated groups. This level was almost 
maintained by the control group during the experimental period. Both 
treated groups showed a sharp decrease in Mg level following 
bleeding. However, at 6 hr, both groups showed a sharp increase to 
attain  a value higher than the respective control group value. 
Thereafter, both treated groups showed undulating pattern until the 
end of the experimental period. The 30% bleeding group had 
significantly lower serum Mg level immediately after bleeding (P< 
0.01) and after 24 hrs (P< 0.05). 
 
3.4   Discussion    
In this experiment the effects of low (15%) and moderate (30%)  
levels of bleeding were investigated in goats. Before the 
implementation of experimental treatment, the blood volume was 
measured for experimental animals using Evans blue dye as indicator . 
The total blood volume computed from measurements of plasma 
volume and PCV (Table 3.1) ranged between 69.4 and 81.1 ml /kg, 
constituting an average value of 7.4% of live body weight. Maltz et al. 
(1984),  
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Fig.3.17   Effect of bleeding level on serum magnesium concentration (Mg) in    
                    goats.
using Evan's blue dye for plasma volume determination , reported a 
mean blood volume value of 81ml/kg for Bedouin goats from Sinai 
.The results are in general agreement with values reported  by  Jain 
(1986) who noted that the blood volume in mammals ranged between 
6 and 11% of their body weight. 
The current results indicate that bleeding influenced 
thermoregulation in goats during 6 hrs post-haemorrhage .This was 
manifested by the  increase in body core temperature, Tr (Fig 3.1). 
The increase  in  Tr could be related to retardation of convective heat 
transfer from body–core to the periphery associated with reduction in 
blood volume . Also the hyperthermia could be attributed to the effect 
of  calorigenic  hormones secreted in response to haemorrhage  in 
order to maintain blood pressure. The hormones which  assume 
marked physiological role in haemorrhaged animals include 
catecholamines, ACTH, as well as vasopressin, renin and angiotensin. 
The calorigenic effect of bleeding could also be associated with the 
metabolism of fatty acids as well as increase in the activity of the 
membrane bound Na+–K+ – ATPase in many organs (Ganong, 2003). 
The author added that the concentration of 2,3-Diphosphoglycerate in 
erthrocytes usually increases after bleeding in order to enhance the 
delivary of O2 to the tissues.  
The two bleeding levels also resulted in an increase in 
respiratory rate (RR) values of goats (Fig 3.2) . These responses may 
be attributed to an increase in the rate of metabolism which increases 
the utilization of O2 and formation of CO2 . These effects activate the 
mechanisms  that increase RR. Ganong (2003) reported that loss of 
red blood cells decreases the O2 carrying power of the blood, and the 
blood flow in the carotid and aortic bodies is reduced. The resultant 
anaemia and stagnant hypoxia, as well as acidosis that may occur 
stimulate the chemoreceptors. An increase in the activity of 
chemoreceptor afferents is probably the main cause of   respiratory 
stimulation . Maltz et al. (1984) noted that in Bedouin goats subjected 
to 23% bleeding, forced breathing began to appear and the respiratory 
rate was increased from 50 to 100 breaths/min.   
In the present study, the cardiovascular responses of goats to 
bleeding were manifested by marked increase in heart rate, HR (Fig 
3.3). This could be related to stimulation of autonomic nervous system 
which increases the sympathetic activity induced by the baro-
receptors. Generally, the decline in blood volume produced by 
bleeding decreases venous return and cardiac    output and increases 
heart rate (Ganong, 2003). Wintour et al.(1995) reported an increase 
in HR in sheep subjected to 20% heamorrhage. Kawasa et al. (2000) 
indicated that tachycardia is considered to be a characteristic of acute 
bleeding in dogs. In rabbits, Clow et al. (2003) indicated that bleeding 
elicited significant tachycardia after 20% loss of initial blood volume. 
The present  result is also in agreement with the findings of Rose et al. 
(1987) who reported an increase in HR of sheep subjected to 20% 
bleeding and Wad and Hannon (1988) who noted an increase in HR in 
swine haemorrhaged 50%   (38.5 ml/kg) over 1 hr. 
The current results indicate  that loss of 15% and 30% of total 
blood volume resulted in significantly lower PCV level (Fig 3.4) and 
was associated with decrease in Hb concentration (Fig 3.5) after 6 hr 
of bleeding. The immediate post-haemorrhage values of PCV of goats 
were apparently normal because erythrocyte and plasma volume were 
lost in similar proportions. In some species (e.g. horse), the PCV is not 
an accurate indicator of severity of bleeding, as splenic contraction 
serves to increase the PCV and improve O2 transport (Hillman, 1995). 
The drop in PCV level was caused by the shifting of water from the 
interstitial fluid compartment to restore blood volume (Hillman, 
1995). Previous studies indicated that the PCV decreased significantly 
post-haemorrhage in sheep (Wintour et al, 1995) and rats subjected to 
25 ml/kg bleeding . This is usually associated with reticulocytosis 
(Fernandez and Grindem, 2000). The return of PCV to pre-
haemorrhage level occurred in approximately 6 days and 2 weeks for 
15% and 30% bleeding groups, respectively. For Hb concentration, 
recovery occurred in 6 days and 5 weeks for 15% and 30% bleeding 
groups, respectively.These findings illustrate the influence of bleeding 
level on capacity of the body to restitute normal haematologic values . 
The results are in general agreement with the finding of Larsson 
and Swardson (1995) and Tyler and Cowell (1996) who reported that 
a  return to normal level of PCV occurs in approximately 2-4 weeks 
for most species of mammals.  
The present results indicate that haemorrhage in goats was 
associated with decrease in total leukocyte count, TLC (Fig 3.6). The 
value returned to normal level after 2 and 6 days for 15% and 30% 
bleeding, respectively. The decline in TLC values 6 hr post-bleeding 
may be attributed to haemodilution. Duncan et al.(1994) noted that 
immature leukocytes may also appear in the blood, particularly in 
cases of severe blood loss. 
The current results indicate that other leukocytic indices were 
influenced by haemorrhage. Bleeding resulted in an increase in the 
neutrophil ratio associated with decrease in lymophocyte, monocyte 
and eosinophil ratios (Figs. 3.7 – 3.10).The lymophocyte ratio 
returned to normal level after 2 and 9 days for 15% and 30% bleeding, 
respectively, whereas the neutrophil ratio returned  to normal level 
after 4 and 9 days for 15% and 30% bleeding groups. Epinephrine 
released in response to haemorrhage will mobilize neutrophils from 
marginal pool into the circulation. The total leukocyte count usually 
does not include the marginal cells. Duncon et al.(1994) reported that 
a neutrophilic leukocytosis occurs within hours after acute blood loss 
because of a shift of neutrophils from marginal pool and bone marrow 
reserve to the circulation.  The neutrophils are also mobilized to sites 
of haemorrhage by diapedesis and amoeboid action (Swenson, 1993). 
The lymophopenia observed could be attributed to release of ACTH or 
cortisol, usually encountered after   bleeding. ACTH causes an 
increase in antibody concentration in blood through dissolution of 
lymphocytes in lymphoid tissue (Swenson, 1993). The decrease in 
eosinophils is also caused by release of ACTH which stimulates the 
hypothalamatic – adenohypophyseal adrenocortical response 
(Swenson, 1993). 
The results indicate that bleeding in goats resulted in lower 
concentrations of serum total protein and albumin (Figs. 3.11 and 
3.12). The significant decrease in serum total protein and albumin 
immediately after bleeding and after 6 hrs may be caused by 
haemodilution. Kovacs et al. (2000) reported that reduction in total 
protein and albumin levels occurs in post-operative blood loss in 
humans, whereas in dogs, there was an increase in the plasma proteins 
in the beginning and gradual decreases in portein values in later stages 
after blood loss. The plasma proteins are usually replaced from 
mobilized fluid resource or intake (Cope and Litwin, 1962). The 
results indicate that return of serum total protein to normal values 
occurred after 6 hr and 1 day for 15% and 30% bleeding, respectively. 
The values of albumin returned to normal levels after 2 and 4 days for 
15 and 30% bleeding, respectively. Generally, the current  results for 
goats are in agreement with the finding of Jain (1986)  who reported 
that plasma proteins concentrations returned to pre-bleeding level 
within 5-7 days in animals. 
In the present study, bleeding was associated with a significant 
increase in serum urea concentration compared to control values ( Fig. 
3.13). This apparent uraemia may be attributed to decrease in renal 
plasma flow and renal perfusion (Feinfeld et al. 2002). Also it could 
be associated with depression of glomerular filtration rate (GFR) 
which resulted in marked sodium retention (Smith et al., 2004), and 
retention of the nitrogenous products of metabolism in the blood 
(Ganong, 2003). Similary, in sheep, 20% haemorrhage caused an 
increase in blood nitrogen concentration (Wintour et al., 1995).Ware  
et al. (1982) noted that rats showed an increase in plasma urea 
concentration as a result of  20% bleeding. 
The current results indicate that bleeding was associated with 
elevation of plasma glucose concentration in goats ( Fig 3.14). This 
increase could be related to sympathoadrenergic activity which caused 
increase in glycogenolysis (Jarhult, 1975), such as secretion of 
epinephrine, ACTH and cortisol usually released in response to 
haemorrhage. Kadekaro et al. (1998) reported that haemorrhage 
increased the level of glucosein rats . In sheep, Block et al.(1989) 
noted that plasma glucose concentration increased significantly as a 
result of 20%  haemorrhage . 
The current results indicate that bleeding in goats resulted in a 
decrease in serum Na level (Fig 3.15) . Hjelmquist et al. (1991) noted 
that  a  decrease  in  Na concentration indicates haemodiluation during 
acute haemorrhage which involves entry of extravascular fluid into the 
vascular space in sheep. This decrease in Na concentration has been 
reported by Wintour et al.(1995) in sheep subjected to 20% bleeding. 
Walsh et al.(1980) reported that blood loss of 25ml/kg resulted in a 
decrease in Na+ level suggesting that compensatory fluid replacement 
originated in cells as well as interstitum.The marked post-
haemorrhage fluctuations in serum Na level could indicate that 
feedback compensatory mechanisms related to renin –angiotensin 
system (RAS) were intermittently stimulated. 
The results showed that bleeding in goats resulted in a decrease 
in serum Ca concentration immediately post-bleeding and after 6 hr, 
and the normal values were recoverd after 2 and 3 weeks for 15% and 
30% bleeding groups, respectively (Fig 3.16). Hypocalcaemia 
observed after blood loss may be associated with vasodilation which is 
influenced by haemorrhage. The decrease in Ca level may also be 
associated with hypoalbuminaemia ( Kavacs et al. 2000), as albumin 
has an important role in transport of many cations such as Ca (Jain, 
1986). About half of the plasma Ca is bound to albumin and it is not 
filtered at the glomerulus (Reece, 1993). In sheep subjected to 20% 
bleeding, Wintour et al. (1995) reported a decline in Ca level after 
haemorrhage. However, Ware et al. (1982) noted that Ca level was not 
changed within 90 min after haemorrhage in rats subjected to 20% 
bleeding. 
In the present study, bleeding was associated with a decrease in 
serum Mg concentration (Fig 3.17). The decrease in Mg concentration 
may be attributed to vasodilatation which is caused by haemorrhage. 
The subsequent sharp increase after 6 hrs could be related to an 
increase of Na+- K+- ATPase . Mg acts as a co-factor of cellular 
ATPase including the Na+- K+- ATPase (Hays and Swenson, 1993) . 
A decrease in Mg concentration after bleeding has been reported by 
Kovacs et al. (2000) in humans. 
The 15% bleeding group returned to normal values within 
2weeks,whereas  the 30% bleeding group values recovered within 5 
weeks. This pattern indicates  that the recovery period was influenced 
by the bleeding level . 
 
3.5.  Summary 
(1)      The effects of the bleeding level (15% and 30% of the total 
blood volume) on thermoregulation and blood constituents 
have been investigated in adult female goats . 
(2)     The values obtained for rectal temperature Tr, respiratory rate 
(RR) and heart rate (HR) were higher in treated groups 
compared to the control ; higher values were obtained with 
30% bleeding . 
(3) The PCV and Hb concentration and TLC decreased in 
treated goats compared with the control; significantly lower 
values were obtained with the mild and moderate levels of 
bleeding compared with the control at 6 hrs. 
(4) In treated groups , the lymphocytes, monocytes and 
eosinophils ratios decreased associated with an increase in 
neutrophils ratio compared with the respective control 
values.  
(5) The serum levels of total protein and albumin decreased 
significantly in treated groups immediately post-bleeding 
and  after 6 hrs. 
(6) The serum urea level increased in treated groups and urea 
level was higher with 30% bleeding . 
(7) The plasma glucose level was increased after bleeding.The 
treated groups showed higher values compared with the 
control  at 6 hr and  24 hrs post-bleeding . 
(8) The serum Na concentration decreased after haemorrhage 
and there was no pattern related to bleeding level . 
(9) The serum Ca level decreased immediately after 
haemorrhage in treated animals and the Ca evel decreased 
with the increase in bleeding level . 
(10)  The serum Mg level decreased immediately post-bleeding 
in treated animals and increased after 6 hrs. Mg level 
increased significantly after 24 hr in both groups compared 
to the control   
(11) For most of the parameters investigated, the post-
haemorrhage changes were more pronounced and the 
recovery period longer with the higher level of bleeding. 
CHAPETER FOUR 
EFFECT OF AGE ON PHYSIOLOGICAL RESPONSES TO 
HAEMORRHAGE 
 
4.1   Introduction  
Mammalian haematopoietic stem cells are able to maintain 
steady-state activity throughout the life spans of individual members 
of each mammalian species (Zaucha et al., 2001). During the postnatal 
development, the locations of active haemopoiesis change and the role 
of the liver in haemopoiesis decreases rapidly in the postnatal life in 
mammals (Versele et al.,1987).The haemopoietic activity of the 
spleen is high in mice during the whole life span (Silini and 
Andreozzi, 1974), but in rats it decreases during the age of maturation 
(Vacek et al., 1976). This suggests that the microenvironmental 
conditions in the bone-marrow and spleen are changing during the 
aging of rats (Vacek, 2000). 
The physiological responses to haemorrhage are age dependent 
(Smith et al., 2000). In conscious adult animals and humans, 
haemorrhage leads to activation of a number of physiological 
mechanisms to promote the restoration of vascular volume and blood 
pressure (Smith et al., 2004). During the foetal and neonatal 
development, these systems may be in various stages of maturity 
(Block et al., 1987). 
Several studies have reported reduction in baroreceptor 
efficiency with aging which might reduce the capacity to preserve 
homeostasis during hypovolaemia circulatory stress induced by 
haemorrhage (Folkow and Svanborg, 1993). 
The pathophysiological changes in the cardiovascular system 
with age have clinical implications in humans. The crucial first line of 
defense comes into play within seconds during an acute hypovolaemic 
circulatory stress, where both the compensatory increase in effective 
circulating blood volume and the rate of compensation are important 
factors to preserve homeostasis. Thus this might seriously impede the 
possibility of survival of acute blood loss in the aging (Olsen et al., 
2000). 
This experiment was carried out in conscious young and adult 
goats to determine whether the thermoregulatory and haemotological 
responses to 20% haemorrhage are influenced  by  age . 
4.2    Experimental procedure 
A total number of 12 healthy female goats were used in this 
experiment. All animal were fed dry lucerne and offered tap water ad 
libitum before and during the experiment. They were allowed an 
adaptation period of two weeks before commencement of proper 
experimental work . For all animals, the baseline data of 
haematological indices including blood volume were determined. The 
goats comprised 6 young (3-months) and 6 adult (3-years) animals. 
Each age group was randomly assigned to 2 groups of 3 animals each, 
control and treated. The treated goats in each age group were 
subjected to 20% bleeding. The acute responses to haemorrhage were 
investigated for   10 days. Then the long-term responses were 
monitored for 5 weeks. 
 
4.3 Results 
4.3.1 Blood volume measurements 
Table 4.1 shows the results of blood volume measurements for 
animals used in the experiment. The mean body weight (BW) in adult 
animals was 25.7+0.5 kg, the mean blood volume was 2014.7 ml, the 
ratio of blood volume to body weight was 7.84%. For young animals, 
the mean body weight (BW) was 8.9+0.5 kg, the mean blood volume 
was 695 ml, the percentage of blood volume to body weight was 
7.81%. 
4.3.2 Rectal temperature (Tr) 
Fig. 4.1 shows the effect of 20% bleeding on rectal temperature 
(Tr) in young  and  adult  goats. The  initial  values of Tr of the goats 
ranged between 
 
Table 4.1  Normal blood volume values in young and adult  
experimental animals and the volume of blood withdrawn 
at 20% bleeding. 
Group 
Animal 
No. 
BW 
(kg)  
BV 
(ml)  
BV ×100 
 BW 
20% of 
BV 
 BW. : Body weight. 
BV.  : Blood volume. 
 
 
 
 
 
Young 
control 
1 9.0 702 7.9 - 
 2 8.5 680 8.0 - 
 3 8.0 600 7.5 - 
Young 
treated 
1 11.0 902 8.2 180 
 2 8.0 640 8.0 128 
 3 8.2 647 7.9 130 
1 29.5 2349 8.1 - 
2 22.5 1688 7.5 - 
Adult 
control 
3 22.0 1672 7.6 - 
1 28.5 2252 7.9 450 
2 24.0 1944 8.1 389 Adult 
treated 
3 28.5 2184 7.8 437 
Fig 4.1    Effects  of 20% haemorrhage on  rectal temperautre    
              (Tr) in young  and adult goats.
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 38.5 and 38.7ºC. The results indicate that there were marked 
fluctuations of Tr during the experimental period. There was 
significant (P<0.01) increase in Tr in both age groups immediately 
after bleeding and for  6 hr post-bleeding; the rise was more 
pronounced in young animals. The values of Tr returned to normal 
after 24 hrs in young animals and  in 6 hr and 24 hrs in adults. 
4.4.3 Respiration rate (RR) 
Fig 4.2 shows the effect of 20% bleeding on respiration rate  
(RR) in young and adult goats. The initial values of control and 
treated groups were similar (≈ 28 breaths/min). Following 
haemorrhage, the mean values of RR showed an increase in both 
treated groups.The RR values of treated young and adult groups were 
higher than respective control values for 5 hrs and 1 day, respectively; 
then the control and treated groups maintained a similar pattern of RR 
values until the end of experimental period . Immediately post-
bleeding, the rise in RR values was more pronounced in young 
animals compared to the respective values of the adults. Conversely, 
at 1hr to 1 day, the adult animals maintained higher values of RR 
compared to respective young animal’s values. 
 The treated groups showed significantly (P<0.01) higher values 
compared with the control immediately post-bleeding, and at 1,2,4 and     
5 hr after haemorrhage. Haemorrhaged adult animals maintained 
significantly (P<0.05) higher values of RR compared with the adult 
control and both young animal groups at 3 hrs and 6 hrs after 
bleeding. 
4.3.4 Heart rate (HR) 
Fig 4.3 shows the effect of 20% bleeding on heart rate (HR) in 
young and adult goats. The initial values indicate that HR in young 
animals (109 ±12 beats/min.) were higher than the values obtained for 
the adult animals (67±6 beats/min.). In both age groups, there was a 
significant (P<0.01) increased in HR immediately following bleeding. 
This rise was more pronounced in the adult group than in young 
group. The HR returned to normal values after 6 hr  
 
Fig. 4.2     Effects  of  20% haemorrhage on  respiratory rate (RR) in  
                 young and adult goats.
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Fig. 4.3    Effects of 20% haemorrhage on of heart rate              
               in young and adult goats.
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 and 2 days in young and adult groups, respectively. Then the young 
and adult groups of animals maintained almost steady respective 
values of 100 and 65 beats/min. until the end of experimental period.  
The treated groups of both age groups showed significantly 
(P<0.01) higher HR values compared with the control groups at 
1,2,3,4 and 5 hrs following bleeding. The adult treated group had 
significantly (p<0.05) higher mean  HR values compared with the 
control at 6 hrs and 24 hrs. 
4.3.5   Packed cell volume (PCV) 
 Fig 4.4 shows the effect of age on the response of PCV to 20% 
bleeding. The initial pre-haemorrhage values of PCV were 25.0 ± 3.1 
and 30.0 ± 3.5% in young and adult goats, respectively. Immediately 
post-bleeding, the PCV in adults showed  slight increase . In contrast, 
in the young,the PCV decreased progressively until day 2. The return 
to baseline values occurred after 3 and 6 weeks in young and adult 
animals, respectively. The results indicate that the interaction of 
bleeding, age and time was significant (P<0.01). 
4.3.6   Haemoglobin concentration (Hb) 
 Fig 4.5 depicts the effect of age of goats on the response of Hb 
concentration to 20% bleeding . The initial base-line Hb concentration 
values were 10.1± 0.9 and 11.3± 0.3 g/dl in young and adult goats, 
respectively. Immediately post-haemorrhage, the Hb level of adult 
animals increased slightly. In contrast, the Hb level of young animals 
showed a decrease. Then the values of Hb decreased progressively in 
both treated age groups. The normal baseline values were re-
established after 9 days and 4weeks in young and adult groups, 
respectively. The decline in Hb level was more pronounced in adult 
treated group compared with the young group. The results indicate  
that the interaction between bleeding, age and  time was significant 
(P<0.01). 
 
 
Fig. 4.4   Effects  of  20% haemorrhage on packed cell volume            
              (PCV) in young and adult goats.
0
5
10
15
20
25
30
35
pre post 6hrs 1 2 4 7 9 2 3 4 5 6
Time
PC
V
 (%
)
Young control Young bleeding
Adult control Adult bleeding
Days Weeks
 
 
  
 
 
 
 
 
Fig. 4.5      Effects 20% haemorrhage on haemoglobin (Hb)                
                  concentration in young and adult goats.
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4.3.7  Total leukocyte count (TCL) 
Fig 4.6 shows the effect of age on the response of TCL to 
haemorrhage. The baseline values of TLC were 13.1± 0.5 and 11.7 ± 
1.0×103/µl in young and adult animals, respectively. The values of 
TLC did not change immediately post-bleeding in both age  groups. 
However, the young animals showed a decrease in TLC for 24 hrs and 
the adults for 6 hrs. Then both treated groups showed progressive 
increase in TLC to maintain higher values after day 7. 
4.3.8  Differential leukocyte count (DLC) 
4.3.8.1 Lymphocyte ratio  
The responses of lymphocyte ratio are shown in Fig 4.7. The 
initial values of lymphocyte ratio were almost similar (≈60%). 
Immediately post-bleeding, the lymphocyte ratio did not change in 
treated goats. Both treated groups showed a decline in the ratio of 
lymphocytes 6 hrs after haemorrhage, which was more pronounced in 
adults. The treated young and adult groups showed progressive 
increase in lymphocyte ratio after 6hrs and 24 hrs, respectively. The 
values of lymphocyte ratio returned to normal values after 2 and 4 
days, respectively in young and adult animals. All experimental 
groups maintained a similar pattern as from week 2 until the end of 
experimental period. The results indicate that the interaction between 
bleeding, age and time was significant (P<0.01). 
4.3.8.2 Neutrophil ratio 
The responses of neutrophil ratio are shown in Fig 4.8. The 
initial values of neutrophil ratio of experimental groups were almost 
similar (≈33%). There was no marked difference in neutrophil ratio 
between groups immediately following bleeding. However, both 
treated groups showed a marked increase in neutrophil ratio after 6 
hrs, which was more pronounced in adults. The neutrophil ratio 
returned to normal values after 2 and 9 days in  
 
Fig. 4.6   Effects  of  20% haemorrhage on  total leukocyte  count       
              (TLC) in young and adult goats.
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Fig 4. 7  Effects of 20%haemorrhage on lymphocyte ratio (%)
              in young and aduly goats.
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Fig.4.8     Effects of 20% haemorrhage on neutrophil ratio (%) in  young    and    
                    adult goats.
 
young and adult groups, respectively. The results indicate that the 
interaction between bleeding, age and time was significant (P<0.01). 
4.3.9  Serum total protein 
Fig 4.9 shows the effect of haemorrhage on serum total protein 
concentration in young and adult goats. The initial values of total 
protein were  almost similar (≈7.7 g/dl). The values of serum total 
protein did not change immediately post-bleeding in both treated 
groups, but the values decreased at 6 hrs. The normal total protein 
values were  recovered at day 4 and week 2 for young and adult 
group, respectively.The young treated group showed progressive 
decline between day 2 and day 9. Then the general pattern showed 
steady values until the end of experimental period. 
4.3.10  Serum albumin  
  Fig 4.10 shows the responses of serum albumin in adult and 
young goats to 20% haemorrhage .The initial values of serum albumin 
ranged between 3.3 and 3.7g/dl. Immediately post- bleeding , the 
values of serum albumin of adult group did not change, whereas there 
was a decrease in the young group. Then the values decreased in both 
treated groups at 6 hrs. The normal values of albumin were recovered 
at day 9 for both treated groups of goats. The pattern of control groups 
showed steady high values until the end of experimental period. 
4.3.11 Serum urea concentration  
The effect of 20% bleeding on serum urea concentration is 
shown 
in Fig. 4.11 .The initial values of urea were almost similar 
(≈50mg/dL). In both treated group, urea concentration increased 
significantly (P<0.05) immediately after bleeding, but the increase 
was more pronounced in adults. The return to normal values occurred 
after 24 hrs for both groups. Thereafter, the experimental groups 
showed marked fluctuations in urea level until the end of experimental 
period. Occasionally, treated adult animals maintained higher values 
compared to values obtained for young animals. 
Fig. 4.9   Effects  of  20% haemorrhage on  serum total protein           
              concentration  in young and adult goats.
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Fig. 4.10  Effects  of 20% haemorrhage on  serum albumin                  
                concentration in young and adult goats.
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Fig. 4.11  Effects  of 20% haemorrhage on serum urea concentration  
               in young and  adult goats.
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 4.3.12  Plasma glucose level 
 The responses of plasma glucose concentration to bleeding in 
young and adult goats are shown in Fig 4.12. The initial values of 
plasma level for experimental groups ranged between 48 and 59 mg/dl 
. Immediately post-bleeding , the treated groups showed an increase in 
glucose level. Then experimental groups with the exception of adult 
control showed a high value of 82mg/dL after 6 hr. Thereafter, there 
were marked fluctuations in plasma glucose level with a general 
decline pattern until the end of the experimental period. 
4.3.13 Serum sodium Na 
The effect of haemorrhage on serum Na concentration is shown 
in     Fig. 4.13. The initial values of Na ranged between 122 and 
124.5mEq/L. Immediately post-bleeding, the mean values of treated 
groups decreased, the decrease was more pronounced in adult group. 
The normal values were almost recovered for both groups at day 4. 
The general pattern indicates that the treated adults group maintained 
higher serum Na level compared to the respective control values 
occasionally. In young animals, there was no consistent pattern. 
4.4    Discussion 
In this experiment, the effects of age on physiological responses 
of goats  to 20% haemorrhage have been assessed for 6 weeks.The 
results of blood volume measurements presented in Table 4.1 indicate 
that the ratio of blood volume to body weight was similar in both age 
groups (7.84 and 7.81 %  for adult and young animals,respectively) . 
The results showed that the rectal temperature, Tr (Fig 4.1) and 
respiration, RR ( Fig 4.2) were influenced by 20% haemorrhage. 
Bleeding increased Tr significantly and the increase was more 
pronounced in young goats. This may be attributed to an increase in 
metabolic rate in young animals that could be associated with the 
small body size . Ganong (1999) reported  
 
Fig.4.12      Effects of  20% haemorrhage on  plasma glucose level
                   in  young and adult goats.
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Fig.4.13   Effect of 20 % haemorrhage on serum sodium (Na) concentration  in young and 
                 adult goats. 
that the ratio of basal metabolic rate to body weight in small animals 
is much greater than in large animals. 
Physiological investigations have shown that an increase in RR 
is usually associated  with the rise in body temperature in goats . 
These mechanisms are integated through the hypothalamus. The 
increase in response of RR to haemorrhage is  likely to be related to 
decrease in ventilation. The response of ventilation is affected by 
mechano-receptors localized in pulmonary circulation (Huszczuk et 
al, 1988). 
In the present study, the cardiovascular responses of adult and 
young goats to 20% bleeding were manifested in marked increase in 
heart rate (HR) in both age groups (Fig 4.3). The rise in HR in 
response to haemorrahge was more pronounced in adult goats. This 
could be related to the fact that old animals are less able to maintain 
the HR, probably as consequence of age related  changes in 
sympathetic activity (Banic et al., 1993). The results also indicate that 
the resting HR was higher in young goats as compared to values 
measured for adults (Fig. 4.3).The vagal inhibitory fibres are usually 
in state of tone .The extent of resting vagal tone varies with age . In 
young animals,vagal tone is less marked than in mature individuals of 
the same species (Smith and Hamlin,1970) . Block et al. (1989) 
reported that in adult sheep, the α-adreneric system as a whole has a 
limited response to haemorrhage .  
 The results indicate that 20% bleeding resulted in significantly 
lower PCV level (Fig. 4.4) and a decrease in Hb concentration (Fig 
4.5) in adult and young goats. The drop in PCV level in response to 
haemorrhage was more pronounced in adult goats. In young animals, 
the PCV fell immediately post-bleeding, but in adults, the PCV 
increased slightly suggesting a compensatory response of the spleen to 
haemorrhage in the adults. Previous studies suggested that the splenic 
response to haemorrhage is not present in sheep at the age of 12 weeks 
(Turner and Hodgetts, 1959). Block et al. (1987) repoted that α-
adrenoreceptors that are involved in splenic contraction are 
functionally and numerically deficient in lambs. 
The results showed a significant decrease in total leukocyte 
count,TLC after bleeding (Fig. 4.6). The decline in TLC was more 
pronounced in adult goats . The leukocytes of older mammals may not 
be replaced as promptly as in younger age under haematopoietic stress 
such as blood loss ; possible age-associated mechanisms include 
defect progenitor cell production (Rothstein, 2003). 
The current results indicate that 20% bleeding caused 
significantly lower lymphocyte ratio associated with a higher ratio of 
neutrophils in adult goats (Figs. 4.7 and 4.8) . The decline in 
peripheral blood lymphocyte in old rats under  haemotopoietic sterss 
is partially controlled by mechanisms intrinsic to the bone marrow 
itself (Tyan, 1982).  The current results indicate that the 
haemorrhage induced neutrophilia was more pronounced in adult 
goats (Fig.4.8) . Neutophilic leukocytosis due to increased neutrophil 
production appears to be a normal part of the aging process and this 
was more pronounced in aged than in young mice (Boggs et al., 
1986). The increase in neutrophil production may be attributed to a 
change in hematopoietic                      microenvironment.             
The present results showed that 20% bleeding caused 
significantly lower serum total protein and albumin concentrations  
(Figs. 4.9 and 4.10). The values did not change immediately post-
bleeding in the adults, it decreased after 6 hrs. A considerable amount 
of protein may enters the vascular system together with water, thus 
preventing a dilutional decrease in protein concentration post-
haemorrhage in sheep (Block et al., 1989). Some of the homeostatic 
processes involved in restoration of blood volume and plasma protein 
are functional in the newborn pigs (LaGal, 1983).In the present study, 
the goats were fed after bleeding, thus a potential source for the rapid 
fluid shift toward the intravascular compartment is the gastrointestinal 
contents . 
The serum urea concentration values in the present study 
showed an increase in response to haemorrhage in both age groups 
(Fig. 4.11). The rise was more pronounced in adult than in young 
goats. The rise in urea level could be associated with decrease in renal 
blood flow, GFR and filtration fraction probably being greater in 
adults than in young group. The current result is in agreement with the 
observations made by Smith et al. (2004) in  lambs and young adult 
sheep subjected to 20% bleeding. 
The responses of plasma glucose level to haemorrhage indicate 
a significant increase in both age groups immediately post-
haemorrhage;the rise was more pronounced in young animals (Fig 
4.12).  Block et al.(1989) reported temporary increase in blood 
glucose level after haemorrahge in newborn lambs and he suggested 
that it could be associated with the rapid phase of blood volume 
restitution and peripheral vascular response to chatecholamines 
secreted during hypotention .  
 In the present study, bleeding was associated with a decrease in 
serum Na concentration in both age groups (Fig 4.13). The renal 
responses to haemorrhage in sheep include  decreases in GFR and 
filtration fracture (Smith et al., 2004). The  authors added that in 
sheep, the decrease in electrolyte excretion in response to 
haemorrhage was greater in lambs compared to young adult sheep. 
 Generally, the variables measured in goats exposed to 
haemorrhage returned to normal levels earlier in young animals. The 
results support the assumption that young animals have abilities to 
compensate the blood volume loss better than adults. 
 
3.5    Summary 
(1)   The effects of 20% haemorrahge on the physiological responses 
of    young and adult goats have been evaluated. 
(2)   The post haemorrhage values obtained for rectal temperature (Tr) 
and reparation rate (RR) were higher in young animals, whereas 
the response of heart rate (HR) was greater in adults . 
(3)   In both age groups, the PCV , Hb concentration and TLC 
decreased significantly in response to haemorrhage . 
Immediately post-bleeding, these parameters were maintained 
in adult group , they decreased  in young animals. 
 (4)   The lymophocyte ratio was lower in both age groups after 
haemorrage and it was significantly lower in adults compared 
with the young group. In contrast, the post-haemorrhage 
neutrophil ratio was significantly higher in both treated groups 
and the increase was more marked in adults.  
(5)     The serum levels of total protein and albumin decreased  in 
young group but did not change in the adult group after 
bleeding. 
(6)  The serum urea level increased in both age groups in response to   
haemorrhage, the response was  higher in the adult than in the 
young goats . 
(7)   The plasma glucose level increased significantly post bleeding in 
the treated groups; the level was higher in young than in adult 
animals. 
(8)     The serum level of Na decreased in both age groups after 
haemorrhage ; the changes were not significant.   
(9)   For most of the parameters investigated , the  recovery  period  
was longer in adult than in young animals . 
 
 
 
 
 
 CHAPTER FIVE 
 
EFFECTS  OF  SPLENECTOMY  ON  PHYSIOLOGICAL                          
 
RESPONSES  TO  HAEMORRHAGE   AND  ADRENALINE 
 
5.1    Introduction 
The anatomical structure of the spleen and its   position in the 
route of the portal vein indicate its importance both in innate and in 
adaptive immunity (Karakantza et al., 2004). The diverse regional 
anatomy based on a complex vascular  system has the added feature of 
altering internal anatomy with changes in   size and volume (Valli and 
Jacobs, 2000). The main functions of the spleen are phagocytosis, 
haemopoiesis, lymphopoiesis or maturation, haemoglobin processing 
and storage and release of blood cells (Robertson and Newman, 2000).  
Splenectomy is a relatively safe and effective procedure for 
therapeutic and diagnostic purposes. The common diseases requiring 
splenectomy in humans include immune thromobacytopenic purpura 
(ITP), lymphoproliferative disorders, Hodgkin's disease and 
myeloproliferative disease (Mittelman et al., 1997). Splenectomy has 
been  perfomed to prevent autotransfusion during acute hypovolaemia 
in dogs (Carniero and Donald,1977) . It alters both humoral and 
cellular immunity (Badowski et al.,1985). On removal of the spleen , 
the incidence of severe infection increases in humans (Pabst et al., 
1991; Holdsworth et al.,1991)and there are changes in many 
immunologic parameters (Westermann and Pabst , 1986). One lasting 
change is a marked  increase in number of  B-lymophocytes in the 
blood, an effect that is constantly observed both in humans (Durig et 
al., 1984) and experimental animals (Westermann et al.,1990; 
Seabrook  
et al., 2000) and that affects the two comparments of the blood, the 
peripheral and the marginal pools (Klonz et al., 1996). 
The effects of catecholamines are mediated by cell surface 
receptors, and action on central nervous system depending on their 
ability to cross the blood-brain barrier. At low doses, β effects 
(vasodialtior) on the vascular system predominate, whereas at high 
doses, α effects (vasoconstrictor) are strongest (Hoffman, 2001).The 
authors reported that adrenaline is used in the emergency treatment of 
conditions of the respiratory tract, asthma, anaphylactic shock and 
sometimes it is used in anaesthetics with the objective of increasing 
the duration of the local anaesthsia. 
The rise of plasma catecholamines level causes splenic 
contraction  (Stewart et al.,2003). Laub et al.(1993) reported that there 
is nonlinear decrease in spleen erythrocyte content with increasing 
plasma catecholamines concentrations. The plasma level of 
catecholamines increases before the onset of exercise, suggesting that 
the sympathetic activity may prepare the whole body for physiological 
impact of the physical activity (Garcia-Sainz, 2002). 
The effects of splenectomy have been previously studied in 
humans and several animal species , but relatively few investigations 
have been done in goats. This experiment was performed to 
investigate the effects of splenectomy on the basic physiological 
responses of goats. Also it was intended to examine the effects  of 
splenectomy on the responses to moderate haemorrhage. As 
adrenaline is known to induce splenic contraction, the effects of its 
injection were also assessed in intact and splenectomized animals. 
 5.2 Experimental  procedure  
Twelve adult goats with an initial mean body weight of 16.0 ± 
0.5 kg were used in this experiment . The animals were randomly 
allocated to two groups. In the first group (8 goats), complete surgical 
procedure was performed with removal of the spleen. In the second 
group (4 goats), sham operation was performed without removal of 
the spleen. The surgery was performed under local  anaesthesia 
induced by subcutaneous injection of lignocane with adrenaline. The 
spleen was exposed after removal of the last rib  on the left side and 
ligation of the blood vessels (Banks et al., 1988). Figs. 5.1, 5.2 and 5.3 
show the removal of the last rib,extraction of the spleen and ligation 
of blood vessels, respectively . Fig.5.4 illustrates the site of operation 
and collection of blood sample from experimental animals.  In the 
sham operated control animals only the last rib was removed and the 
incision was sutured immediately after soaking with antibiotic (5ml of 
oxytetracycline 5%). Both groups of animals were allowed a post-
operative healing and recovery period of two weeks. During the 
healing period, the goats were kept in an animal house and offered dry 
leucerne and water ad libitum.  All experimental animals received 
broad spectrum antibiotic (oxytetracycline 5%) 5 ml/animal for 3 days 
after the operation. One of goats in which splenectomy was performed 
died after 20 days. Blood samples were collected one day before 
operation, immediately before operation and on days 1, 3, 7, 10 and 13 
following the operation. 
 12 adult goats were used to investigate the effect of 
splenectomy on physiological response to haemorrhage. They 
compised a control group of 6 non-splenectomized (sham operated) 
animals and a treated splenectomized group of 6 animals. Each group 
was divided into two sub- groups of 3 animals each, treated and 
control. The treated sub-groups were subjected to 25% bleeding. The 
short-term (acute) responses to haemorrhage were followed for 10 
days, and then the long-term (chronic) changes were monitored for 5 
weeks (weekly collection of blood samples). 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
              Fig. 5.2     Extraction  of  the spleen . 
        Fig. 5.1  Removal  of  the  last rib before  extraction  of  the  spleen . 
  
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Fig .5.4   An  experimental   animal .  Illustration   of  the  site  of operation 
and collection of blood  sample  immediately  post- splenectomy. 
                                  
            Fig. 5.3  Ligation  of  the  blood  vessels . 
                            .                                                                                      
  
 
 
 
 
 
In the last phase of the study, a total number of 8 goats (4 
splenectomized and 4 sham operated animals) was used  to investigate 
the  effects of splenectomy  
on  physiological responses of goats to injection of adrenaline  Each 
animal  received 2 ml of adrenaline (1mg/ml) intravenously. Blood 
samples were collected from all animals in both groups immediately 
before injection of adreline and then at 5, 15, 30, 60, 90 and 120 min. 
post-injection. 
 5.3   Results 
5.3.1 Effects of splenectomy on haematological parameters.  
5.3.1.1  Packed cell volume (PCV) 
  Figs. 5.5 show the effects of splenectomy on PCV level. The 
basal value range for PCV was 25.0 – 27.5%.  The pre-operation value 
of  PCV was slightly higher in splenectomized goats. The 
splenectomized group showed an increase in PCV immediately 
following the operation and at 24 hrs post- operation which was 
significantly (P<0.05) higher compared to values obtained for the 
control group. The results indicate that the values returned to normal 
after 10 days in splenectomized animals compared with 1 day in the 
control group.  
5.3.1.2  Haemoglobin concentration(Hb) 
Figs. 5.6 shows the effects of splenectomy on Hb concentration. 
The basal value range for Hb concentration was 9.6–10.7 g/dl  . The 
pre-operation values of Hb was slightly higher in splenectomized 
goats. The splenectomized group showed an increase in Hb 
concentration  immediately following the operation and at 24 hr post- 
operation which was significantly (P<0.05) higher compared to values 
obtained for the control group. The results indicate that the values 
returned to normal after 10 days splenectomized animals compared 
with 1 day in the control group.  
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Fig. 5.5  Effect of splenectomy on packed cell volume (PCV) in goats.
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Fig. 5.6  Effect of splenectomy on haemoglobin concentration  (Hb)           
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5.3.1.3  Reticulocyte count 
The study indicated that the mean reticulocyte count was 3% in 
splenectomized animals, whereas in the  control group the reticulocyte 
count was 0%. Fig. 5.7 shows a blood film of  a  splenectomized goat 
with distinct  moderate reticulocytosis. 
5.3.1.4   Leukocytic profile 
The results of the effects of splenectomy on leukocytic profile 
are shown in Table  5.1 .The effect of splenectomy on TLC is shown 
in Fig.5.8. The pre-operation values of TLC were slightly higher in the 
splenectomized animals. In the post-operative period, the sham-
operated (control) group maintanined an almost steady value of TLC 
(7.5× 103/µl) until the end of experimental period . The 
splenectomized group showed a sharp decrease in TLC immediately 
following the operation which was significantly (P<0.05) lower 
compared to the values obtained for the control group. Thereafter, the 
splenectomized group showed a sharp increase in TLC to ≈10×103 /µl, 
and then slightly lower values were maintained until day 13. 
The results of differential leukocyte count, DLC ( Table 5.1) 
indicate that the splenectomized group showed a significant (P<0.001) 
decrease in lymphocyte ratio (Fig 5.9) compared to the sham-operated 
group and significant (P>0.001) increase in neutrophil ratio (Fig 5.10) 
compared to the control. These ratios returned to normal values after 
13 days. Also the  splenectomized animals had higher ratio of 
eosinophils and a decrease in the ratio of monocyte ; there was no 
marked change in the ratio of basophils. 
5.3.1.5   Platelet (thrombocyte ) count  
The mean value of thrombocyte count in splenectomized 
animals    (401,600 / µl) was higher than in  normal control animals 
(221,600/ µl). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               
                 Fig. 5.7   Reticulocytosis  after splenectomy. 
  
 
 
 
Table 5.1  Effect of splenectomy  on leukocytic  indices in goats.                                 
 
Time 
Parameter 
 
Treatment 
 Pre- 1day 
 
Pre-
operation 
 
Post-
operati
on 
 
1 day 
 
3day 
 
7days 
 
10days 
 
13da
ys 
Control 7.5 +1.1 
8.6 
+1.7 
7.1 
+2.3 
7.1 
+2.3 
7.8 
+1.0 
7.3 
+0.8 
8.1 
+1.7 
7.9 
+0.9 TLC 
 (x103/µl) Splenec-
tomized 
8.6 
+1.3a 
9.5 
+2.0a 
6.4 
+2.1b 
10.4 
+2.0a 
9.4 
+1.4a 
9.1 
+1.5a 
9.3 
+1.5a 
9.3 
+1.7a 
Control 59.0 +2.6 
62.7 
+2.5 
60.7 
+5.9 
57.3 
+2.5 
57.3 
+4.0 
57.7 
+0.6 
59.0 
+2.6 
60.7 
+3.5 Lymphocy
te (%) Splenec-
tomized 
60.0 
+3.4a,b 
62.5 
+2.8a 
30.0 
+8.2e,f 
31.7 
+7.1e 
40.1 
+4.6d 
53.5 
+3.6c 
57.0 
+4.6b,c 
61.4 
+2.1a,
b 
Control 33.3 +3.2 
31.0 
+1.7 
38.0 
+1.0 
36.3 
+3.2 
35.0 
+5.0 
36.3 
+1.2 
34.0 
+1.7 
31.7 
+2.9 Neutrophil  
(%) Splenect-
omized 
32.5 
+3.5d 
33.3 
+3.7d 
60.6 
+8.4a 
61.5 
+7.1a 
53.4 
+5.1b 
42.8 
+3.8c 
38.6 
+3.7c 
33.5 
+2.6d 
Control 4.7 +0.6 
2.7 
+0.6 
2.7 
+0.6 
2.7 
+1.0 
1.7 
+0.6 
2.3 
+0.6 
3.3 
+0.6 
4.3 
+0.6 Monocyte   
(%) Splenec- 
tomized 
3.4 
+0.7a 
2.0 
+0.8b,c 
2.4 
+0.9b,c 
2.3 
+1.2b,c 
2.1 
+0.8c 
1.6 
+0.7c 
1.9 
+0.8b,c 
2.3 
+0.7c 
Control 2.3 +0.6 
2.0 
+0.0 
4.0 
+1.0 
3.7 
+1.2 
6.0 
+1.7 
3.7 
+0.6 
3.3 
+1.5 
2.7 
+0.6 Eosinophil  
(%) Splenec-
tomized 
2.5 
+0.9c 
3.0 
+2.3c 
5.3 
+2.7a,b 
5.3 
+1.6a,b 
5.4 
+0.9a 
3.6 
+1.3b,c 
3.8 
+1.2b,c 
3.3 
+1.0c 
Basophil  
(%) Control 
1.0 
+0.0 
0.0 
+0.0 
0.0 
+0.0 
0.0 
+0.0 
0.0 
+0.0 
0.3 
+0.6 
0.3 
+0.6 
0.7 
+0.6 
Splenect-
omized 
0.6 
+0.5a 
0.0 
+0.0c 
0.3 
+0.5b,c 
0.1 
+0.4b,c 
0.4 
+0.5b,c 
0.0 
+0.0b,c 
0.3 
+0.5b,c 
0.3 
+0.5b 
 
 Mean values within  the same row bearing different superscripts are 
significantly different.                                                                                                     
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 Fig. 5.8  Effect of splenectomy on total leukocyte count (TLC) in goats .
 
010
20
30
40
50
60
70
Pre1day Pre-
operation
Post-
operation
1 3 7 10 13
Time (days)
Ly
m
ph
oc
yt
e 
ra
tio
 (%
)
Control Splenectomized
Fig. 5.9   Effect of splenectomy on lymphocyte ratio (%) in goats .
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Fig. 5.10   Effect of splenectomy on neutrophil ratio(%) in goats .
 
5.3.1.6   Serum total  protein 
Fig. 5.11 shows the effect of splenectomy on serum total protein 
concentration. The pre-operative values of both groups were close to 
each other (8.1 – 8.4 mg/dl). Following the operation, the 
splenectomized group showed a decrease in concentration of total 
protein in day 1 and it  recovered the normal values after 7 days.  
5.3.1.7  Serum albumin  
Fig 5.12 shows the response of serum albumin concentration to 
splenectomy.The results indicate that there was a small increase in 
albumin level after splenectomy. 
5.3.1.8   Serum urea 
Fig 5.13 shows the response of serum urea concentration to  
splenectomy. The urea level was not influenced  significantly by 
splenectomy. 
5.3.1.9   Plasma glucose 
Fig. 5.14 shows the effect of splenectomy on plasma glucose 
level. The initial pre-operation  plasma glucose levels of the control 
and spelenectomized group were close to each other (≈ 48–54mg/dl). 
Following the operation , paradoxically both groups showed an 
increase in glucose level; the increase was more pronounced in 
spelenectomized animals. In both groups,the glucose level returned to 
normal after 7 day. Thereafter, both groups showed progressively 
lower values until  day 13. 
 
5.3.2 Effects of spelectonomy on physiological responses to 
haemorrhage  
5.3.2.1   Blood volume measurements  
The  blood  volume  measurements  (Table 5.2)  indicate  that  
the percentages of  blood  volume  to  body  weight   were  similar  
(7.3%) in normal 
 and splenectomized goats. 
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Fig. 5.11  Effect of splenectomy on serum total protein          
                        concentration in goats.
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 Fig 5.12    Effect of splenectomy on serum albumin  concentration  in goats.
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Fig. 5.13   Effect of splenectomy on serum urea concentration in goats .
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Fig. 5.14   Effect of splenectomy on plasma  glucose  level   in goats.
 
  
 
 
 
 
 
Table 5.2    Initial blood volume values in haemorrhaged 
experimental  animals and the volume of blood 
withdrawn at 25% bleeding level.  
Group  
Animal 
No. 
BW 
(kg) 
BV 
(ml) 
 B.W×100 
  BV 
25% of 
BV(ml)
66 18.5 1230 7.12 320 
58 25.5 1905 7.42 476 
 
Normal 
 56 24.0 1725 7.23 431 
70 22.3 1604 7.04 410 
99 19.7 1400 7.19 350 
 
Splenecto- 
mized 80 20.5 1446 7.28 361 
 
BW: Body weight (kg) .  
BV : Blood volume (ml). 
 
 
 
 
 
 
5.3.2.2   Rectal temperature (Tr) 
    The effects of spelenectomy and haemorrhage on  Tr are shown 
in Fig. 5.15  The initial values of Tr of experimental groups ranged 
between 37.0 and 37.5 oC.The non-haemorrhaged control and 
splenectomized groups showed  lower fluctuating  vaues of Tr. For the 
haemorrahged nomal and splenectomized groups, Tr showed marked 
increase in the first and second hour following bleeding . Thereafter, 
the control haemorrhaged group showed progressive decline in Tr 
until 24 hrs,and then slight elevation that was maintained until      day 
9.In splenectomized –haemorrhaged group, Tr values were higher 
compared to the respective values obtained for the control 
haemorrhaged group. The results indicate that there was no significant 
change in Tr values of splenectomized group, but the interaction 
between splenectomy and bleeding was significant (P<0.01). 
5.3.2.3   Respiratory rate (RR) 
 Fig. 5.16 shows  the effects of splenectomy  and  haemorrhage  
on RR. The values of RR of non-haemorrhaged normal and  
spelenectomized groups showed steady values during the 
experimental period, although the spelectonmized animals maintained 
lower values of RR. Immediately following 25% bleeding, both 
groups showed a slight increase in RR. However, the values obtained 
after 1 hr indicate that there was a sharp increase in RR, the non 
splenectomized animals having higher values of RR. Thereafter, both 
haemorrhaged groups showed progressive decline in RR which was 
maintained at almost steady level after 24 hrs. However, normal 
haemorrhaged  animals  showed  lowest  values  at this  stage . The 
results indicate that the interaction between splenectomy and bleeding 
was significant (P<0.05). 
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Fig.5.15   Effect of splenectomy  and 25 % haemorrhage on rectal                 
                    temperature (Tr) in goats .
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Fig. 5.16  Effect  of  splenectomy  and  25%  haemorrhage  on respiratory    
                   rate (RR) in goats.
 
5.3.2.4   Heart rate (HR) 
The effects of splenectomy and haemorrhage on the HR are 
shown in     Fig. 5.17 The experimental groups  had initial  pre-
bleeding values of about 75 beats/min. For the control groups, HR was 
maintained with slight fluctuations until the end of the experimental 
period, but  splenectomized-non-haemorrhaged aniamals had lower 
values. Both treated groups (normal and splenectomized) showed a 
marked increase in HR following 25% bleeding attaining values 
ranging between 105 and 110 beats/min. After 1hr, both 
haemorrhaged groups showed even higher values of 110 beats/min. 
and 120 beats/min for the normal and spelenctomized 
groups,respectively. Thereafter, the control (non-splenectomized 
group) showed progressive decrease in HR until the third hour. For the 
splenectomized haemorrhaged group, high HR values were 
maintained for 6 hrs and then showed progressive decline to maintain 
almost steady level after 24hr. The results showed that the interaction 
between splenectomy and bleeding was significant (P<0.01). 
5.3.2.5   Packed cell volume (PCV ) 
Fig. 5.18 shows the effect of splenectomy and haemorrhage on 
PCV. The initial pre-haemorrhage values of PCV for all groups 
ranged between 27 and 31%. Immediately following haemorrhage, 
there was no marked change in PCV  level in treated groups. The non- 
haemorrhaged control group had almost steady high level of PCV 
until the end of the experimental period. Both normal and 
splenectomized groups showed progressive decline in PCV following 
25% bleeding until 24 hr. Thereafter, for both haemorrhaged groups, 
there was almost  progressive increase in PCV level, the 
splenectomized group maintained lower values. The normal 
haemorrhaged group attained the control group level after 5 weeks, 
the splenectomized haemorrhaged  group re-established normal  
values  after  7weeks. 
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Fig. 5.17  Effect of splenectomy  and 25% haemorrhage on heart                  
                    rate (HR) in goats.
 
Fig 5.18      Effect of splenectomy and 25% haemorrhage         
on packed cell volume (PCV) in goats.
0
5
10
15
20
25
30
35
Pre Post 6hr 1 2 4 6 9 2 3 4 5 6 7
Time
PC
V 
(%
)
Normal control Normal bleeding
Splenectomized control Splenectomized bleeding
Days Weeks
 
5.3.2.6   Haemoglobin concentration ( Hb) 
Fig. 5.19 shows the effect of splenectomy and haemorrhage on 
Hb concentration.  The initial pre-haemorrhage values of Hb for all 
groups ranged between 10.1 and 12.6 g/dl . Immediately  following 
haemorrhage, there was no marked change in Hb level in normal  
treated groups , whrereas    it deceased markedly in the 
splenectomized treated group . The non- haemorrhaged control group 
maintained almost steady level of Hb until day 6 ; thereafter, there 
were slight fluctuations in Hb concentration. Both normal and 
splenectomized groups showed progressive decline in Hb  in response 
to haemorrhage to attain 7g/dl after 24 hrs. Then both haemorrhaged 
groups showed  progressive increase in Hb concentration, the 
splenectomized group maintained lower values, to attain normal 
values after 5 weeks  for the normal group and 7weeks for the 
splenectomized group.  
5.3.2.7   Total leukocyte count (TLC) 
Fig. 5.20 shows the effect of splenectomy and haemorrhage on 
TLC. The initial values of TLC for all experimental groups were 
almost similar (≈10×103/µl). The control (non-haemorrhaged) groups 
maintained this level until the end of experimental period, except for a 
decrease in day 2, and apparent increases on day 9 and week 2 . For 
the haemorrhaged groups, there was gradual decrease in TLC to 4×103 
/µl in day 2. Thereafter , both haemorrhaged groups showed sharp 
increase on days 2 and 9 to reach the highest values of ≈12×103/µl at 
week 2. It is evident that both groups re-established  normal  values of  
TLC  after  3 weeks. However, the  haemorrhaged  groups  maintained 
slightly lower values of TLC until the end of experimental period. The 
results  indicate that  the interaction between  splenectomy  and 
bleeding was significant (P<0.05) . 
 
 
Fig. 19.    Effect of splenectomy and 25% haemorrhage in
                 haemoglbin (Hb) concentration in goats.
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Fig. 5.20. Effect of splenectomy and 25% haemoeehag on 
total leukocyte count (TLC) in goats.
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5.3.2.8   Differential leukocyte count (DLC)  
 Tables 5.3, 5.4, 5.5, 5.6. and 5.7  show the effects  of  
splenectomy and haemorrhage on DLC. The lymphocyte ratio in 
haemorrhaged groups was significantly (P<0.01) lower compared to 
control groups  values at 6 hrs and day 1, while the neutrophils ratio 
increased significantly at 6 hrs and day1 post-haemorrhage.The 
eosinophil ratio decreasd after haemorrhage and it increased after 
4days in treated groups. The monocyte ratio decreased after 6 hrs in 
treated groups,lower values were maintained for 2 days, then returned  
to normal level . The results indicate that there was no marked change 
in the ratio of basophils. The interactions between splenectomy and 
bleeding as regards the ratios of neutrophils and monocytes were 
significant (P<0.01).  
5.3.2.9  Serum Total protein  
 The effects of splenectomy and haemorrhage on the serum total 
protein concentration are shown in  Fig. 5.21. The initial values of 
total protein were not quite similar for the experimental groups. The 
non-haemorrhaged control groups of animals maintained almost 
steady similar values of serum  total protein of about 7.5 g/dl until the 
end of experimental period. Both the normal and splenectomized  
animals showed initial similar responses to haemorrhage for 24 hr. 
Then, both groups showed significant (P<0.01)  decline in total 
protein level to attain 5.5 g/dl on day 4. Then for both groups, serum 
total protein level increased to an almost steady level on days 6 and 9 
and week 2. Thereafter,the normal  haemorrhaged group maintained 
higher values of total protein compared to both control groups, 
whereas the splenectomized group maintained lower values compared 
to the other groups until the end of experimental period.  
 
 
 
 
 
 
 
Table 5.3   Effect of splenectomy and 25% haemorrhage on 
lymphocyte ratio (%)                   in goats.                             
 
 
Time 
Spleen Bleeding 
Pre Post 6 hr Day1 Day 2 Day 4 Day 6 Day 9 Week2 
Week
3 
Week
4 
Week
5 
Wee
6
 
Control 59.7 +1.5 
59.7 
+0.5 
59.7 
+1.5 
57.9 
+1.5 
60.3 
+0.1 
60.3 
+1.5 
60.3 
+1.0 
61.0 
+0.6 
62.3 
+1.5 
62.3 
+1.5 
62.3 
+1.5 
62.3 
+1.5 
62.
+1.
Normal  
Bleeding 62.7 
+4.1 
61.3 
+5.7 
54.0 
+7.8 
51.7 
+4.9 
58.1 
+1.5 
59.3 
+3.2 
63.3 
+2.9 
62.0 
+4.4 
59.3 
+3.8 
59.0 
+1.7 
61.3 
+1.2 
61.3 
+1.2 
63.
+2.
 
Control 61.0 +8.0 
61.0 
+7.9 
60.7 
+6.0 
57.3 
+1.2 
63.7 
+1.2 
61.7 
+1.5 
57.3 
+6.4 
63.0 
+1.7 
59.7 
+2.5 
59.7 
+1.5 
62.3 
+2.5 
62.3 
+2.5 
60.
+1.
 
Main 
ffect 
 
 
 
Splenec-
tomized  
Bleeding 57.0 +4.6 
62.0 
+10.0 
55.8 
+5.6 
56.5 
+3.7 
58. 
+4.4 
56.0 
+6.4 
53.8 
+2.5 
57.5 
+6.4 
59.5 
+3.9 
58.5 
+3.1 
60.3 
+3.0 
60.3 
+3.1 
59.
+2.
S.L * ** * 
 
 
S.L   :  Significance level.  
*       :  Significant at P<0.05. 
**     :  Significant at P<0.01. 
 
 
 
  
 
 
 
 
 
 
 
 
Table 5.4     Effect of splenectomy and 25% haemorrhage on neutrophil ratio 
(%) in goats. 
 
 
Time 
Spleen Bleeding 
Pre- Post- 6 hr Day1 Day 2 Day 4 Da 6 Day 9 Week 2 
Week 
3 
Week 
4 
Week 
5 
We
 
Control 32.7 
+1.5 
32.7 
+1.5 
32.7 
+1.5 
32.7 
+1.5 
32.0 
+3.0 
32.7 
+1.5 
30.0 
+0.0 
31.6 
+0.6 
31.0 
+1.7 
31.0 
+1.7 
31.0 
+1.7 
31.0 
+1.7 
31.0
+1.7
Normal  
Bleeding 29.3 
+4.5 
31.7 
+7.0 
40.0 
+8.7 
42.7 
+6.4 
35+3 
+1.5 
33.3 
+2.9 
30.3 
+0.6 
30.7 
+3.8 
30.0 
+0.0 
31.7 
+1.5 
30.0 
+0.0 
30.0 
+0.0 
29.3
+3.2
 
Control 
30.3 
+9.5 
30. 
+9.4 
33.7 
+6.5 
33.7 
+6.5 
28.3 
+0.6 
29.0 
+2.7 
34.0 
+7.2 
28.7 
+1.5 
34.3 
+5.1 
30.0 
+0.0 
30.0 
+1.2 
30.0 
+1.2 
30.7
+0.6
 
Main 
fect 
 
 
 
Splenec-
tomized  
Bleeding 35.0 +5.1 
32. 
+5.6 
41.0 
+3.4 
39.0 
+2.6 
36.8 
+4.6 
37.3 
+5.1 
39.5 
+3.7 
34.3 
+5.1 
32.0 
+2.5 
34.5 
+4.2 
32.5 
+3.3 
32.5 
+3.3 
33.0
+2.4
.L N.S. ** ** 
 
                S.L  : Significance level. 
                N.S : Not significant. 
                **   : Significant at P<0.01. 
 
 
  
 
 
 
 
 
 
 
Table 5.5    Effect of splenectomy and 25% haemorrhage on monocyte 
ratio in                           goats.                         
 
 
 
Time 
Spleen Bleeding 
Pre- Post- 6hr Day1 Day2 Day4 Day6 Day9 Week2 
Week
3 
Week
4 
Week
5 
W
 
Control 4.7 
+2.1 
4.7 
+2.1 
4.7 
+2.1 
4.7 
+2.1 
4.0 
+1.0 
4.0 
+1.0 
4.0 
+1.0 
4.3 
+1.5 
4.0 
+1.0 
4.0 
+1.0 
4.0 
+1.0 
4.0 
+1.0 
3
+0
Normal  
Bleeding 4.3 
+1.2 
4.7 
+0.6 
3.3 
+1.5 
2.7 
+0.6 
3.7 
+1.2 
4.0 
+1.0 
3.3 
+1.5 
4.0 
+1.0 
5.3 
+1.5 
4.0 
+1.0 
4.3 
+0.6 
4.3 
+0.6 
3
+0
 
Control 4.3 
+1.5 
4.3 
+1.5 
3.3 
+1.5 
3.3 
+1.5 
4.3 
+1.5 
5.7 
+0.6 
5.7 
+0.6 
3.7 
+1.2 
2.7 
+1.2 
5.3 
+1.2 
4.0 
+1.0 
4.3 
+1.2 
5
+1
ain 
ect 
Splenect-
omized  
Bleeding 5. 
+2.1 
5.3 
+1.9 
3.5 
+0.5 
2.3 
+1.0 
2.8 
+1.0 
3.5 
+0.6 
3.3 
+1.0 
4.8 
+1.0 
3.8 
+1.0 
2.8 
+1.0 
3.3 
+1.0 
3.3 
+1.0 
4
+1
L * N.S. N.S. 
 
 
S.L    :  Significance level. 
 N.S   :  Non significant. 
  *      :  Significant at P<0.05. 
 
 
  
 
 
 
 
 
 
Table 5.6   Effect of splenectomy and 25% haemorrhage on  eosinophil ratio (%) 
in goats. 
 
 
Time 
Spleen Bleeding 
Pre- Post- 6hr Day1 Day2 Day4 Day6 Day9 Week 2 
Week 
3 
Week 
4 
Week
5 
Week
6 
 
Control 
3.0 
+1.0 
3.0 
+1.0 
3.0 
+1.0 
3.0 
+1.0 
3.3 
+0.6 
3.3 
+0.6 
3.0 
+1.0 
3.0 
+1.0 
2.7 
+0.6 
2.7 
+0.7 
2.7 
+0.6 
2.7 
+0.6 
2.7
+0.6
Normal 
 
Bleeding 3.0 +1.0 
1.7 
+1.2 
1.7 
+0.6 
2.7 
+1.2 
2.3 
+1.2 
3.3 
+1.2 
2.7 
+1.2 
2.8 
+1.0 
3.7 
+1.5 
4.7 
+0.6 
4.0 
+0.0 
4.0 
+0.0 
3.7
+0.6
 
Control 3.7 +2.3 
3.7 
+2.3 
3.0 
+2.0 
3.0 
+2.0 
3.3 
+1.5 
3.3 
+1.2 
3.0 
+1.0 
2.8 
+1.3 
3.7 
+1.2 
4.7 
+0.6 
3.3 
+1.2 
3.3 
+1.2 
3.0
+1.0
 
ain 
fect 
 
 
 
Splenec- 
tomized  
Bleeding 1.8 +0.5 
2.5 
+1.3 
1.3 
+0.5 
2.0 
+0.8 
1.5 
+0.5 
2.8 
+0.5 
3.0 
+1.6 
3.0 
+1.3 
3.0 
+0.8 
3.8 
+1.0 
3.5 
+1.3 
3.5 
+1.3 
3.0
+1.4
.L N.S. N.S. N.S. 
 
     S.L   : Significance  level. 
    N.S   : Not significant. 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Table 5.7   Effect of splenectomy and 25% haemorrhage basophil ratio 
(%) in                         goats. 
 
 
Time 
Spleen Bleeding 
Pre- Post- 6 hr Day1 Day 2 Day 4 Day 6 Day 9 Week 2 
Week 
3 
Week 
4 
Week
5 
Wee
6
 
Control 
0.0 
+0.0 
0.3 
+0.5 
0.0 
+0.0 
0.0 
+0.0 
0.0 
+0.0 
0.0 
+0.0 
0.3 
+0.6 
0.3 
+0.6 
0.3 
+0.6 
0.0 
+0.0 
0.0 
+0.0 
0.0 
+0.0 
0.0
+0.
Normal  
Bleeding 
0.7 
+0.6 
0.3 
+0.5 
0.7 
+0.6 
0.3 
+0.6 
0.0 
+0.0 
0.0 
+0.0 
0.3 
+0.6 
0.0 
+0.0 
0.0 
+0.0 
0.7 
+0.6 
0.3 
+0.6 
0.3 
+0.6 
0.3
+0.
 
Control 
0.7 
+0.6 
0.8 
+0.5 
0.0 
+0.0 
0.0 
+0.0 
0.3 
+0.6 
0.3 
+0.6 
0.3 
+0.6 
0.7 
+0.6 
0.3 
+0.6 
0.3 
+0.6 
0.0 
+0.0 
0.0 
+0.0 
0.7
+0.
 
ain 
fect 
 
 
 
Splenec-
tomized  
Bleeding 
0.5 
+0.6 
0.6 
+0.5 
0.0 
+0.0 
0.3 
+0.5 
0.5 
+0.6 
0.5 
+0.6 
0.5 
+0.6 
0.5 
+0.6 
0.0 
+0.0 
0.3 
+0.5 
0.5 
+0.6 
0.5 
+0.6 
0.0
+0.
.L * N.S. * 
                         
              S.L   : Significance level. 
              N.S  : Not significant. 
              *     : Significant at P<0.05. 
 
  
 
Fig 5.21. Effect of splenectomy and 25% haemorrhage on    
serum total pritein concentration in goats.
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5.3.2.10   Serum  albumin  
 The effects of splenectomy and haemorrhage on serum albumin 
concentration are shown in Fig 5.22 . The initial values for 
experimental groups ranged between 4.2 and 4.6 g/dl . Following 
haemorrhage, there was no consistent pattern of serum albumin level 
as regards acute and long-term responses. However, the general 
pattern indicates that with few exceptions, haemorrhaged groups 
maintained higher serum albumin levels until day 4. However, as from 
week 2, the splecetomized control group tended to have higher values 
and the normal control maintained  lower values compared to the 
other experimental groups.  
5.3.2.11  Plasma glucose  
   Fig. 5.23 shows the effect of the splenectomy and 
haemorrhage on plasma glucose level. The initial mean value of 
plasma glucose level was  (≈ 55 mg/dl) . The non-haemorrhaged 
control groups maintained  similar glucose levels,  with few 
exceptions, during the experimental period . The treated 
haemorrhaged groups  had  relatively higher glucose levels   until 
week 2, with the normal haemorrhaged group maintaining higher 
levels compared to the splenectomized haemorrhaged group. 
However, at week 3 , the haemorrhaged groups re-established the 
values of the control groups. Thereafter, the splenectomized 
haemorrhaged group maintained lower glucose levels until the end of 
the experimental period. 
 
5.3.3.  Effects of adrenaline injection in normal and  
splenectomized  goats  
5.3.3.1.  Respiration rate (RR)  
 Fig. 5.24 shows the effect of splenectomy on the responses of  
RR to injection of adrenaline. The initial values of RR for normal and 
splenectomized  
Fig 5.22. Effect of splenectomyand 25% haemorrhage  on 
serum albumin concentration in goats.
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Fig. 5.23  Effect of splenectomy and 25% haemorrhage on plasma   glucose      
                   level  in goats.
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Fig. 5.24  Effect  of aderanaline injection on repiratory rate (RR) 
                 in normal and splenectomized goats .
 
goats were 25 and 22 breaths/ min., respectively . Following injection 
of adrenaline, there was marked increase in RR after 5 min. in 
splenectomized group and after 15 min. in normal animals. Thereafter, 
there was progressive decrease in RR for both groups. Normal values 
of  RR were recovered after 60 min.  
5.3.3.2    Heart rate (HR)  
 The effect of splenectomy on the response of HR to injection of 
adrenaline is shown in Fig. 5.25 . Both groups of animals had an 
initial mean HR value of 75 beats/min. Following injection of 
adrenaline, HR increased to 172 beats/min.for normal animals and 216 
beats/min for splenectomized animals. Both groups showed 
progressive  decline  in  HR after an initial rise ; however, the 
splenectomized group maintained higher values of HR during the 
experimental period of 120 min.  
5.3.3.3. Packed cell volume (PCV)  
 Fig. 5.26 shows the effect of splenectomy on the response of  
PCV to injection of adrenaline. The normal group showed an increase 
in PCV from 29% to 35% after 5 min of adrenaline injection. For the 
splenectomized group, there was no response to adrenaline injection. 
In the normal group, the PCV drecreased gradually to assume the 
initial level after 60 min.  
5.3.3.4. Leukocyte profile  
 Fig. 5.27 shows the effect of adrenaline injection on TLC level 
in normal and splenectomized goats. For the normal group, the TLC 
increased from an initial values of 10 x 103 /µl  to a  higher level 12..8 
x 103/ µl after 15 min. For the splenectomized group of goats, the 
corresponding increase  was from 11.5x103/µl  to 13.0 x103/ µl . 
Thereafter, the control group exhibited progressive decline in TLC .In 
the splenectomized  group, there  was  no  consistent  pattern.  
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Fig.5.25  Effect of adrenaline  injection on heart rate (HR) in normal and splenectomized goats. 
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Fig.5.26   Effect of adrenaline  injection on packed cell volium (PCV) in normal 
and     splenectomized goat .                                                                     
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Fig 5.27. Effect of adrenaline injection on total leukocyte count                 
                  (TLC) in normal and splenectomized goats .
 
Table 5.8 shows the effect of adrenaline injection on DLC. In 
the normal group, the ratio of lymphocytes showed an increase 
followed by a decrease after 1 hr. The lymphocyte ratio decreased 
immediately after 5 min. of adrenaline injection  in splenectomized 
group until the end of experimental period of 120 min . There was a 
decline in neutrophils ratio followed by an increase after 1 hr in the 
normal group, whereas in the splenectomized group, the neurophil 
ratio showed an increase after 5 min until the end of experimental 
period. In normal group, the monocyte ratio decreased significantly 
after 30 min and 60 min. The results indicate that there was no 
significant effect of adrenaline injection on  basophil ratio . 
5.3.3.5 Serum total protein 
 The results of effects of adrenaline injection on serum total 
protein  in normal and splenectomized animals  are shown in  Fig. 
5.28 . For the control group the initial value of serum total protein was 
9.7 g/dl , and it decreased to   7.8 g/dl  after 5 min. of adrenaline 
injection . Thereafter , the   total     protein increased progressively to 
attain the highest level at 90 min . For the splenectomized group, the 
serum total protein level decreased from an initial value of 9.0 g/dl to 
7.2 g/dl after adrenaline injection, then it increased progressively and 
maintained a higher level at 120 min.  
5.3.3.6   Serum albumin  
 Fig. 5.29  shows the effect of adrenaline injection on serum 
albumin level in normal and splenectomized groups. For the control 
group, the albumin level increased from an  initial value of 4.1 g/dL to 
4.9 g/dL after 5 min  of adrenaline injection ;  this level was 
maintained for 60 min. For the splenectomized group  of  animals ,  
there  was  no  change  in  the  serum albumin level  after 5 min. of  
 
Table 5.8. Effect of adrenaline injection on leukocytic indices in 
normal and splenectomized goats.  
Time 
Parameter 
 
Treatment 
 Pre-
injection 
Post- 
5min 15min 30min 60min 90min 120min
Normal  10.1 +1.0 
10.4 
+1.6 
13.0 
+3.9 
11.4 
+2.4 
11.7 
+3.1 
9.9 
+1.5 
10.3 
+1.8 TLC 
 (x103/µl)  Splenect-
omized 
11.5 
+1.2 
13.0 
+2.9 
12.3 
+1.3 
11.5 
+0.9 
12.2 
+1.2 
13.2 
+3.3 
12.7 
+2.3 
Normal  59.8 +4.1a,b 
69.8 
+4.4a 
66.8 
+7.0a,b 
66.8 
+7.0a,b 
57.5 
+5.0b,c 
51.0 
+12.2c 
52.3 
+3.2c Lymphocyte 
(%) Splenect-
omized 
60.0 
+5.6 
56.0 
+5.9 
53.0 
+4.0 
54.8 
+8.6 
49.3 
+9.3 
43.5 
+12.4 
51.3 
+8.6 
 
Normal 
34.5 
+4.0 
26.5 
+1.7 
27.8 
+4.3 
29.8 
+5.9 
36.5 
+4.1 
47.3 
+10.2 
42.3 
+3.2 Neutrophil 
(%)  
Splenect-
omized 
34.3 
+3.0c 
40.8 
+5.5c 
42.3 
+5.8c 
39.3 
+7.1c 
47.3 
+8.7b 
52.8 
+9.8a 
44.8 
+8.0b 
Normal  3.0 +1.2 
1.8 
+1.0 
2.3 
+0.5 
2.0 
+1.2 
3.0 
+1.2 
2.8 
+1.3 
3.0 
+1.1 Monocyte 
 (%)  
Splenect-
omized 
3.0 
+1.4a 
2.0 
+0.8b 
2.0 
+0.0a,b 
1.8 
+0.5b 
1.0 
+0.0b 
1.3 
+0.5b 
2.0 
+0.0a,b 
Normal  2.5 +1.7 
2.5 
+1.3 
2.0 
+1.2 
2.0 
+0.8 
2.8 
+1.3 
3.0 
+1.6 
2.3 
+0.5 Eosinophil 
(%)  
Splenect-
omized 
2.5 
+2.4 
2.0 
+0.8 
2.5 
+3.0 
2.8 
+1.3 
2.3 
+1.3 
2.3 
+1.9 
2.0 
+1.6 
 
Normal 
0.5 
+0.6 
0.3 
+0.5 
0.0 
+0.0 
0.0 
+0.0 
0.3 
0.5 
0.0 
+0.0 
0.0 
+0.0 Basophil  
(%)  
Splenect-
omized 
0.3 
+0.5a 
.0.0 
+0.0a,b 
0.0 
+0.0b 
0.3 
+0.5ab 
0.0 
+0.0ab 
0.0 
+0.0b 
0.0 
+0.0b 
 
Mean values within the same row bearing different superscripts are 
significantly different.               
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Fig.5.28   Effect  of adrenaline  injection on serum total protein in 
normal and                                                                                                                  
splenectomized goat .                
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Fig 5.29   Effect of adrenaline injection on serum albumin concentration             
                  in normal and splenectomized goats.
 
adrenaline injection . Both groups had a similar serum albumin level 
of 4.5 g/dL after 120 min.  
5.3.3.7   Plasma glucose  
The effect of adrenaline injection on plasma glucose level in 
normal and splenectomized goats is shown in Fig. 5.30 . Both groups 
had similar initial mean values of glucose level (49–53mg/dL). 
Following  adrenaline injection, the glucose level increased to the 
highest level after 15 min. (136 mg/dL  for the normal group and 157 
mg/dLfor the splenectomized group) . Thereafter, for the normal 
group, the high level was maintained until 60 min. post-injection of 
adrenaline, and then showed progressive decline. For the 
splenectomized group, there was progressive  decline in glucose level 
until 90 min. post-injection of adrenaline and it increased slightly at 
120 min. 
5.3.3.8  Serum sodium (Na)  
The results of the effects of adrenaline injection on Na 
concentration in normal and splenectomized animals are shown in Fig. 
5. 31 . For the control group, the intial value of Na concentration was 
141 mEq/L, and it decreased to 138 mEq/L after 15 min of adrenaline 
injection. In the splenectomized group, the concentration of Na 
decreased from 144.5 mEq/L to 139.5 after 15 min. of adrenaline 
injection . Then in both groups, Na concentration increased 
progressively  to attain higher levels  at 60 min. and then declined 
progressively.  
 
5.4. Discussion  
5.4.1  Effects of splenectomy on haematological  responses in 
goats.  
 In the present study, sham-operated control and splenectomized 
goats were used to investigate the haematological responses to 
splenectomy during post-operative period of 13 days.  
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Fig 5.30. Effect of adrenaline injection on plasma glucose level                   
                   in normal and splenectomized goats.
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Fig. 5.31  Effect of adrenaline injection on serum sodium (Na )                     
                  concentration in normal and splenectomized goats.
Splenectomy resulted in significantly higher PCV level (Fig. 
5.5.) and an increase in Hb concentration (Fig. 5.6) immediately after 
surgical operation.  The change in these erythrocytic indices which are 
closely related reveals the effect of adrenaline which induced splenic 
contraction resulting in the release of erythrocytes into systemic 
circulation. In contrast, splenectomy resulted in a decrease in blood 
volume in calves (Deloach and Wagner, 1983) and decreases in PCV 
and haemoglobin concentration in dog-fish ( Fang and Johansson- 
Sjobeck, 1974). This contrast in the results could be attributed to the 
effect of adrenaline included in the anaesthetic protocol in the current 
study.  
 The results indicate that reticulocytosis was evident after 
splenectomy (Fig. 5.7). The maturation of  reticulocytes occurs in the 
circulation and spleen  (Fernandez and Grindem ,2000). In the absence 
of spleen , they  may be mature and accumulate  in the circulation.The 
reticulocytosis in peripheral blood can be considered as an indicator of 
effective erythropoiesis that was reported by Hillman (1969) in 
humans  and  Jain (1986) in animals.  
 The current results also indicate that the leukocytic profile was 
influenced by splenectomy (Table 5.1). The operation resulted in a 
decrease of total leukocyte count, TLC (Fig. 5.8) and  the ratios of 
lymphocytes (Fig. 5.9)        and monocytes . Splenectomy also 
resulted in an increase in ratios of neutrophils  (Fig. 5.10) and 
eosinophils .The decrease in TLC may  be partly related to the   use of 
antibiotics during and after surgical operation .Also it could be 
associated with  removal of spleen which constitutes a source of  
leukocytes . Splenectomy   
results in significant decrease in blood residency times of recirculating 
lymphocyes and in an enhanced accumulation of recirculating 
lymphocytes in lymph nodes in humans (Seabrook et al.,2000). The 
granulocytosis is probably part of a wound-healing  response to 
splenectomy  (Fange and Johansson- Sjobeck, 1974).  
 The results indicate that there was an increase in  platelets count 
in splenectomized goats . The thrombocytosis could be associated 
with the removal of the splenic reservoir. The thrombocytosis  could 
also be related to  the injuries caused by surgical operation as platelets 
are  attracted  and  stick to the site of injury (Jain et al .,1986) . 
Thrombocytosis after splenctomy was reported by Penny et al.(1966) 
in dogs and  Mittelman et al. (1997) in humans.  
The current results indicate that the serum concentrations of 
total protein decreased (Fig 5.11 ),whereas albumin and urea 
concentrations were not affected by splenectomy (Figs. 5.12 and 5.13) 
.The decrease in total protein may be attributed to reduction in the 
level  of immunoglobulins .The reduction in total protein level after 
splenectomy has been noted by  Eibl (1985) and Milievi  et al. (2001) 
in humans . The plasma glucose level was increased in normal and 
splenectomized animals (Fig 5.14) .The rise in glucose level in both 
experimental groups is probably  associated with stress which was 
enhanced by increase of catecholamines secretion after surgical 
operation. 
 
 5.4.2  Effect of spleenectomy on physiological responses to  25%  
haemorrhage  
 The  study indicates that 25%  haemorrhage  resulted in a  
significant increase in Tr, RR and HR (Figs. 5.15, 5.16 and 5.17) in 
haemorrhaged groups. The splenectomized group showed higher 
values compared with the normal group. This could be related to lack 
of mobilization of blood from splenic region  
to circulation after haemorrhage in this group . Schagatay et al. (2001) 
suggested that the  contraction occurring in human  subjects over 
apnoea causes an increase in O2 and CO2 storage capacity .The 
redistribution of splanchnic blood flow and mobilization of splanchnic  
blood volume can contribute significantly to support arterial blood 
pressure and cardiac output in dogs (Brooksby and Donald,1972) and 
in humans (Rowell et al. 1972)  . The carotid sinus hypotension 
mobilized 14% of splanchnic blood volume in dogs (Brooksby and 
Donald, 1971). Greenway and Lister (1974) reported that the 
mobilization of blood from splenic vessels after moderate 
haemorrhage  involved active constriction of capacitance vessels 
mediated by a sympathetic reflex from arterial pressure receptors.The 
contribution of the vagal nerve to compensatoy cardiovascular 
adjustment to blood loss is small in dogs (Oberg and White,1970) and 
cats (Mancia et al.,1976). The moderate haemorrhage mobilized 30% 
of spleen blood volume and severe haemorrhage from 55 to 81% in 
dogs (Carnerio and Donald, 1977). The results are in general 
agreement with the results obtained by Hinghofer-Szalkay (1986) in 
animals. The emptying of spleen delay the physiological breaking 
point of apnoea and facilitates recovery (Schagatay et al. 2001). 
Bleeding of 25% of total blood volume resulted in significant 
decrease in PCV (Fig. 5.18) and Hb concentration (Fig. 5.29) in 
haemorrhaged groups.  These erythrocytic parameters were lower 
immediately post-bleeding in splemectomyized goats, whereas there 
was no change immediately after haemorrhage in intact goats. The 
dilution of plasma with tissue fluid begins  almost   immediately   after   
haemorrhage   (Jain et al.,1986). The values of PCV and Hb 
concentration dropped after 6 hr; this delay may be associated with 
entering   of  erythrocytes   into circulation  by  forceful  contraction  
of  the  spleen. In the spleen volume changes represent the release of 
blood with a high PCV (Brooksby and Donald,1972) .  
The TLC decreased in haemorrhaged animals (Fig. 5.20) . The 
TLC was lower immediately post- bleeding in splenectomized goats ; 
whereas there was no immediate change in intact goats and the values 
dropped after 6 hrs. The results support the observation which 
indicates that mobilization of blood volume from splanchnic region to 
circulation occurs as a result of splenic contraction  . 
  The results also demonstrated that  the decrease in lymphocyte 
ratio was marked and the increase of neutrophil ratio was lower in 
splenectomized animals; the ratios of  monocytes and eosinophils 
decreased (Tables 5.3, 5.4, 5.5, 5.6, and 5.7) . These changes in 
leukocytic indices could be attributed  to  the  absence of spleen which 
acts as a source of leukocytes.The lack of role of spleen could be 
implicated in the delay in the recovery period in lymphocyte and 
neutrophil ratios of splenectomized goats.   
  The current results indicate that the decrease in serum total 
protein and albumin was more pronounced  in splenectomized animals 
(Figs. 5.22 and 5.23) . This may be  associated with the role of spleen 
in  compensation of  blood volume.The blood volume  in 
splenectomized dogs subjected to hypovolaemia was less than in 
intact dogs because the transvascular fluid shift replaced 20 to 35 % of 
bled volume (Hinghofer-Szalkay ,1986). Grimes et al. (1987) noted 
that there was a highly significant correlation between blood volume 
and plasma protein in splenectomized sheep.  
  The plasma glucose level showed an increase in response to 
haemorrhage in normal and splenectomized groups (Fig 5.23). 
However, the  general pattern indicates that in some occasions, the 
responses of splenectomized animals were lower.This could be 
associated with viability of erythrocytes involved in oxidation and 
utilization of glucose in the body .  
 
5.4.3 Effects of injection of adrenaline in normal and 
splencetomized  goats The current results indicate that intravenous 
injection of 2 ml of adrenaline (1mg/ml) resulted in an increase in 
respiratory rate, RR (Fig. 5.24)   in normal and splencetomized goats . 
Adrenaline produces bronchiolar dilatation and an increase in rate and 
depth of respiration ; and an adequate supply is further guaranteed by 
epinephrine induced contraction of the spleen , increasing the 
peripheral concentration of erythrocyte (Dickson,1993) . Drott et al. 
(1989) reported that adrenaline infusion at 0.02 µg Kg -1 min-1  
stimulated respiratory gas exchange (oxygen uptake and carbon 
dioxide production) in humans .  
  The results indicate that injection of adrenaline caused an 
increase in heart rate (HR) in normal and splenectomized groups (Fig 
5.25) . Adrenaline increases the force and rate of contraction of the 
heart mediated by β1 receptors,and it also increases myocardial 
excitability causing extrasystolic and ,occasionally,more serious 
cardiac arrhythmias (Ganong,1999) . Drott et al. (1989 ) indicated that 
adrenaline infusion at 0.02 µg Kg -1 min-1  lead to decrease in  the  
mean arterial pressure and stimulated the heart rate significantly in 
humans.  
  The present results showed that  the injection of adrenaline  
caused in an increase in PCV in normal animals, but the level of PCV 
in splenectomizd animals did not change (Fig 5.26). The increase in 
PCV level was apparently associated with the contraction of spleen. 
Similar observations have been reported by Block et al. (1989) in 
sheep, Cabanac et al. (1997) in seal and Laub et al.(1993) in humans.  
  The increase in TLC in response to adrenaline in the normal  
group (Fig 5.27) could be related to contraction of spleen . Swenson 
(1993) noted that  mobilization of cells from marginal pool into 
circulation is caused by adrenaline in animals.This margination was  
also reported in humans (Hoffman, 2001) . 
  The injection of adrenaline also resulted in lymphocytopenia, 
neutrophilia, and monocytopenia in both experimental groups (Table 
5.8). Lymphcytopenia may be related to  an increase in secretion of 
ACTH which is caused by adrenaline .In sheep, injection of adrenaline 
caused a decrease in lymphocytes and lymph flow (Seabrook  et al. 
2001). Neutrophilia after injection of adrenaline is attributed to an 
increase in size of the circulating  pool as a consequence of decrease 
in the marginal pool (Jain., 1986).  
 The results indicate that exogenous adrenaline resulted in  a 
decrease in serum total protein and an increase in albumin 
concentration in normal animals (Figs. 5.28 and 5.29) . This may be 
related to an increase in intracellular Ca++ . Jain (1986) reported that 
plasma proteins increase slightly with the increase in PCV level 
suggesting  that water left the vascular system in partial compensation 
for the sudden increase in circulating  blood volume.  
  In the current results adrenaline injection increased plasma 
glucose level in normal and splenectomized  animals (Fig 5.30). 
Adrenaline has a significant hyperglycaemic effect produced by 
increased glycogenolysis in liver , increased release of glucogon and 
decrease in release of insulin ; these effects are mediated via the cyclic 
AMP mechanism (Hoffman ,2001)  
  The results indicate a significant decrease in Na concentration 
in response to injection of  adrenaline in both experimental groups 
(Fig 5.31) . Everts et al. (1988) noted stimulation of active Na+_  K+  
transport induced by adrenaline in rats.  
 
5.5 Summary 
  (1)   The effects of splenectomy on haematological responses have been 
investigated in the Nubian goats.Also the effects of 25% 
haemorrhage and injection of adrenaline (1mg/ml) were 
evaluated in normal and splenectomized animals. 
(2) The values of PCV, Hb concentration and reticulocytes 
increased in splenectomized animals. 
(3) The total leukocyte count (TLC) was lower  immediately after 
splenectomy ; there was no change in TLC in control group.  
(4) In splenectomized animals, the  lymphocytes and  momoncytes 
ratios  were lower and the neutrophils and eosinophils ratios 
were higher,there was no change in basophils ratio.  
(5) The  platelet  count increased in splenectomized goats.  
(6) Serum total protein concentration  decreased in splenectomized 
animals; there was no change in albumin and urea 
concentrations .  
(7) Plasma glucose level was increased in both groups, 
splenectomized group values were higher immediately after 
splenectomy.  
(8) The ratio of blood volume to body weight was similar in normal 
and splenectomized goats. 
(9) 25% haemorrhage resulted in significant increases in Tr, RR 
and HR values in normal and splenectomized animals.  
(10) The values of PCV , Hb and TLC were significantly lower in  
normal and splenectomized haemorrhaged animals. They 
decreased immediately after haemorrhage in splenectomized 
animals and after 6 hrs in normal animals . 
(11) In haemorrhaged animals,the lymphocytes, eosinophils and 
monocytes ratios showed lower values whereas neutrophils 
ratio were higher and the ratio of basophils did not change .  
(12) The serum total protein and albumin concentrations decreased  
significantly in response to haemorrhage in normal and 
splenectomized animals. The plasma glucose level increased 
significantly in treated animals.  
(13) The injection of adrenaline increased  RR and HR in normal 
and splenectomized animals. The rise in HR was higher in 
splenectomized animals.  
(14) The increase in PCV level following injection of adrenaline was 
significant in normal animals , it did not change in 
splenectomized group. 
(15) Adrenaline injection increased  TLC in both groups, the 
increase was more pronounced in non-splenectomized  animals. 
(16) Injection of adrenaline resulted in an increase, followed by 
decrease in lymphocyte ratio and significant increase in 
neutrophil ratio in  splenectomized animals. The ratio of 
monocytes  decreased significantly  at 30 min in both groups. 
(17) The serum total protein concentration decreased in normal and  
splenectomized animals ; albumin concentration showed an 
increase in normal group ,but it did not  change in 
splenectomized group.   
(18) The plasma glucose level  increased in both groups in response 
to adrenaline ; the rise was greater in splenectomized animas.  
(19) There was decrease in Na concentration in response to 
adrenaline injection in normal and splenectomized animals. 
 
 
 
 
    
CHAPTER  SIX 
GENERAL  DISCUSSION AND  CONCLUSIONS 
 The studies reported in this thesis were designed to investigate 
the effects of bleeding level, age and splenectomy on the 
physiological responses of goats to haemorrhage . Mammals are often 
faced by bleeding problems which influence homeostasis and vital 
functions of the body, particularly in circumstances inflicting severe 
haemorrhage . The effective circulating blood volume can be depleted 
by external or internal haemorrhage . Most of the studies reported in 
literature have dealt mainly with the short-term cardiovascular 
responses to haemorrhage . In Chapter 3, the effects of two levels of 
bleeding on acute and long-term responses were evaluated with a view 
of elucidating the haematological alterations associated with 
haemorrhage and the pattern of recovery and restitution of normal 
values. 
 Relatively few studies have examined the effects of age on the 
haematology of mammals. The previous studies on the physiological 
responses to moderate haemorrhage evaluated the cardiovascular and 
some haematopoietic responses of animals during foetal life as 
compared to the responses of adult animals. In Chapter 4 the effects of 
age on physiological responses were assessed using  young and 
mature animals. 
 Most of the pervious studies were undertaken mainly to 
describe the immunological responses of animals to splenectomy . In 
the clinical setting , splenectomy often leads to increase in 
susceptibility to specific infections and immune responses. In the 
current studies (Chapter 5), one of the main objectives was to 
investigate the effects of splenectomy on haematological responses of 
goats . Also it was intended to assess the effects of splenectomy on 
physiological responses of adult goats to moderate haemorrhage . The 
studies also examined the effects of splenectomy on physiological 
responses to intravenous injection of 2 ml of adrenaline (1mg/ml) with 
a view of elucidating the role of the spleen in emergency situations.  
The measurements of blood volume in goats ( Table  3.1) 
constituting an average of 7.4% of live body weight are in general 
agreement with the values reported in the literature in mammals. The 
values were almost similar for adult and young goats  (Table 4.1). 
Also the values of blood volume related to body weight in normal and 
splenctomized goats were similar because these values were measure 
after healing period of splenectomy   (Table 5.1) .  
 The results documented for the first time that the 
thermoregulatory responses of mammals are influenced by low and 
moderate bleeding. This was  demonstrated by the responses of goats 
to 15 and 30% haemorrhage (Figs.3.1 and 3.2). The rectal temperature 
(Tr) and respiration rate (RR) increased in response to haemorrhage ; 
higher values were obtained with 30% haemorrhage . The increases in 
both indices  were apparently associated with elevation in secretion of 
catecholamines, ACTH and vasopressin in response to haemorrhage in 
order to maintain blood pressure and restitute blood volume. The 
augmented sympatho-adrenal responses are essential for survival 
following massive haemorrhage .The thermoregulatory response are 
also related to the effects of these hormones on metabolic rate and 
thermal status of goats . The increase in metabolic heat production 
could be associated with increase in metabolism of fatty acids, 
increase in Na+ - K+ ATPase in the tissues, as well as elevation of the 
concentration of 2,3– Diphosphoglycerate in erythrocytes . The loss of 
blood stimulated the respiratory centre through the peripheral 
chemoreceptors and O2 delivery to the tissues was enhanced by 
increasing pulmonary ventilation and  influencing the affinity between 
O2 and haemoglobin . Loss of erythrocytes decreases the O2-carrying 
power of blood,and the blood flow in the carotid and aortic bodies is 
reduced .           The resultant anaemia, hypoxia and respiratory 
acidosis , stimulate the chemoreceptors . Increased activity in 
chemoreceptor  afferents is probably the main cause of respiratory 
stimulation in shock.   
 The results indicate that the influence of haemorrhage on 
thermoregulatory responses was more pronounced in young goats. 
(Figs.4.1 and 4.2 ). The increase in metabolic rate which was 
stimulated by bleeding was greater in young animals; that could be 
associated with the small size and the effect of large body surface area 
on heat exchange . The thermal responses of goats to haemorrhage 
occurred in normal and splenectomized animals          ( Figs.5.15 and 
5.16 ). However, the findings indicate that the splenectomized animals 
showed higher values because of lack of mobilization of blood from 
splenic region to circulation after haemorrhage ( Schagatay et al., 
2001).  
 The results indicated that injection of adrenaline intravenously 
elicited an increase in respiratory rate ( RR) in splenectomized and 
normal goats ( Fig 5.24). The metabolic responses to epinephrine 
include increased oxygen consumption, hyperglycaemia, and an 
increase in level of free fatty acids in the peripheral blood 
(Dickson,1993).  
 The heart rate (HR) increased in goats (tachycardia) in response 
to 15% and 30% bleeding (Fig. 3.3). As the blood volume was 
reduced,  venous return was decreased, the arterial baroreceptors were 
strcteched to a lesser degree and the increase in sympathetic output 
stimulated the observed increase in heart rate . Tachycardia is 
considered to be a characteristic of  acute haemorrhage, but during 
massive haemorrhage, reversible bradycardia responsive to volume 
resuscitation follows. The increase in HR was more pronounced in 
adults than in young animals ( Fig 4.3). This pattern presumably 
indicates that the old animals are less able to maintain the  HR and 
could be a  consequence of  age  related changes in sympathetic 
activity. Haemorrhage (25%) was also associated with increase in HR 
in normal and splenectomized animals (Fig 5.17). This may be 
attributed to mobilization of splanchnic blood volume which 
contributes to support arterial blood pressure and cardiac output  ( 
Brooksby and Donald, 1972).  
 The increase in HR after epinephrine injection in normal and 
splenectomized goats ( Fig 5.25) was associated with the 
strengthening  in conductivity of the myocardium and increase in its 
contraction .These responses are mediated by  β1-receptors . 
Epinephrine causes a widening of pulse pressure , but because 
baroreceptor stimulation is insufficient to obscure the direct effect of 
the hormone on the heart , cardiac output increases. Epinephrine has a 
half-life of about 2 min. in the circulation, but when it is infused 
slowly in normal animals or humans, the systolic and diastolic blood 
pressure  rise . The hypertention stimulates the carotid and aortic 
baroreceptors, producing reflex bradycardia that overrides the direct 
cardioacceleratory effect ( Ganong, 1999).  
 The present results indicate that the PCV, Hb concentration and 
TLC values were influenced by level of bleeding ; they were 
decreased as the bleeding level was increased from 15% to 30% ( 
Figs. 3.4, 3.5, and 3.6). The initial responses of PCV, Hb 
concentration and TLC of goats indicate that normal values were 
maintained immediately post-bleeding because the cellular elements 
of blood and plasma volume were lost in similar   proportions . The 
subsequent drop in their level seems to be related to withdrawal of 
fluid from the interstitial compartment ( Hillman, 1995) . The 
compensatory mechanisms also involve adjustment of the 
intravascllular volume toward normal by expulsion of blood from 
blood depots. The compensatory role of the spleen was not quite 
evident in young goats compared  with  the  adults  ( Figs. 4.4 ,  4.5 
and  4.6) . The  current  results 
indicate that the PCV and Hb concentration increased after the 
performance of splencetomy ( Figs. 5.5 and 5.6) . This rise could be 
attributed to contraction of spleen before removal induced by 
adrenaline that was included in the anaesthetic protocol. The absence 
of the spleen may be the reason for the drop of PCV, Hb concentration 
and TLC immediately after haemorrhage in splenectomized animals ( 
Figs. 5.18, 5.19 and  5.20) . Also, the increase in PCV and TLC ( 
Figs.5.26 and 5.27) as a result of intravenous injection of adrenaline in 
normal animals is clearly related to splenic contraction.  
 The results demonstrated the occurrence of lymphocytopenia 
and neutrophilia in response to 15% and 30% haemorrhage ( Figs. 3.7 
and 3.8). These changes are related to an increase in the level of some 
hormones secreted to promote restoration of vascular volume and 
blood pressure such as vasopressin, ACTH, cortisol and adrenaline. 
These responses were greater in adult than in young goat ( Figs. 4.7 
and 4.8). Lymphocytopenia and neutrophilia also occurred in response 
to splenectomy in goats ( Figs. 5.9 and 5.10). The lymphocytopeia 
could be attributed to decrease in recirculation rate of lymphocytes 
after splenectomy ( Seabrook et al., 2000). The   granulocytosis 
probably conistitutes part of wound healing response. The  
lymphocytopenia obtained folowing injection of adrenaline was 
presumably associated with  decreases in lymph flow and cellularity 
previously reported by Swenson (1993). The adrenaline induced 
neutrophilia is probably related to mobilization  of  neutrophils from 
the marginal pool   ( Jain, 1986).  
 The results indicate that splenectomy lead to reticulocytosis 
(Fig. 5.7) which is usually indicative of effective erythropoiesis in 
splenectomized goats.  Reticulocytes are not found in the peripheral 
blood of goats in health , they appear in circulation in response to 
anaemia in remission (Fernandez and Grindem,2000). 
 The findings indicate that splenectomy resulted in 
thrombocytosis in goats. This response could be related to removal of 
the spleen  reservoir .         ( Penny et al., 1966). The spleen 
concentrates thrombocytes to the extent that 1/3 of the total available 
exchange (Aster,1966). Splenectomy  leads to reactive 
thrombocytosis, while  hypersplenism may result in thrombocytopenia 
(Schalm et al.,1975) . 
 The present results indicate that the level of  bleeding in goats 
influenced the levels of serum total protein, albumin, urea  and plasma 
glucose ( Figs. 3.11, 3.12, 3.13 and 3.14). The concentration of serum 
total protein and albumin decreased at 6 hr post-haemorrhage (Figs. 
3.11 and 3.12). This may be related to haemodilution as most of the 
tissue fluids that are mobilized are protein-free. The serum total 
protein and albumin levels decreased in response to  haemorrhage  in 
young and adult goats ( Fig 4.11 and 4.12).  The increase in serum 
urea concentration (Fig.3.13) is attributed to decreases in renal plasma 
flow and GFR resulting in retention of the nitrogenous products of 
metabolism  ( Smith et al., 2004). The increase in serum urea level 
after bleeding was more pronounced in adult animals ( Fig. 4.13). This 
difference in pattern of response could be associated with endocrine 
influences on kidney function depending on the age of animals.The 
elevation in the plasma glucose concentration in goats after 
haemorrhage  (Fig.3.14) could be related to an increase in secretion of 
adrenal catecholamines , which stimulate glycogenolysis. The plasma 
glucose level was more pronounced in young animal ( Fig 4.14). This 
may be attributed  to higher metabolic rate  in young than in adult 
animals. The elevation of plasma glucose immediately post-
splenectomy ( Fig. 5.14) could be related to the endocrine responses to 
stress imposed on animals by the surgical procedure and their 
influence on glucose kinetics . The elevation of plasma glucose in 
normal and splenectomized animals (Fig. 5.30) is related to the effect 
of epinephrine mediated through β2 receptors ( glycogenolysis and an 
increase in the release of glucagon ) and α 2 receptors ( decrease of 
release of insulin) (Ganong, 2003).  
  The results indicate that after splenectomy the serum total 
protein level decreased and the albumin and urea levels were not 
affected significantly         ( Figs. 5.11, 5.12 and 5.13). Eibl (1985) 
reported a similar  decrease in total protein level post-splenectomy in 
humans, and he related this to decrease in the fraction of 
immunoglobulins. The decrease in total protein level may also be 
related to decrease in blood volume which usually occurrs after 
splenectomy.  
 The findings indicate  decreases in serum total protein and 
albumin levels and increase in plasma glucose level after haemorrhage 
in normal and splenectomized animals ( Figs, 5.21, 5.22, and 5.23). 
These  responses were more pronounced in splenectomized  animals 
because of absence of the spleen which acts as reservoir and 
compensatory organ for blood volume.   
 The injection of epinephrine resulted in increases in serum total 
protein and albumin levels after 5 min in normal animals ( Figs. 5.28 
and 5.29). This response may be related to the role of adrenaline in 
constriction of blood vessels.  
 The serum minerals Na , Ca and Mg levels decreased in 
response to 15% and 30%  haemorrhage  ( Figs. 3.15, 3.16, and 3.17). 
The kidney is the dominant organ associated with control of blood 
volume and there are important reflexes and humoral systems which 
regulate salt and water excretion. The responses of Na to acute 
haemorrhage are related to  haemodiluation and increase of Na+– K+-
ATPase pump. The serum Na level decreased in young and adult goats 
after 20% bleeding (Fig 4.13); the decrease was more marked in 
young than in adult goats . Injection of adrenaline caused a decrease in 
Na level in normal and splenectomized animals ( Fig 5.31). 
Adrenaline stimulates the Na+ - K+- ATPase pump activity which 
results in decrease of Na+ concentration in the extracellular fluid. The 
decrease in Ca level could be associated with the observed 
hypoalbuminaemia as albumin  plays an important role  in Ca 
transport . The decrease in Mg concentration may be attributed to 
vasodilatation and haemodilution which is  caused by haemorrhage. 
The subsequent sharp increase after 6 hrs could be related to  an 
increase in Na+– K+- ATPase as Mg is co-factor of cellular ATPase 
including the Na+– K+- ATPase (Hays and Swenson,1993). 
The results indicate that generally the recovery period of blood 
constituents was prolonged as the bleeding level was increased from 
15% to 30%  . Also it was apparent that the return to normal values 
occurred earlier in young goats compared to the adults .The 
splenectomized goats  needed a long period to return to baseline 
values compared with the normal animals ;        this  supports the 
assumption that splenectomy  prolongs the recovery              period , 
particularly in parameters related to the cellular elements of blood .  
The studies provide basic information regarding the responses 
of animals to  blood loss caused by various factors which include 
traumatic haemorrhage and bleeding usually associated with surgical 
operations and parturition .The findings have essential implications in 
the fields of veterinary haematology and surgery . Also they may be 
utilized in resuscitation and restoration of normal blood functions .The 
general patterns reported in the studies suggest that the goat can be 
adopted as a useful mammalian research model for investigations that 
would be valuable in comparative medicine . 
In the present studies, the investigations dealt mainly with 
thermoregulatory and haematological resposes of goats to 
haemorrhage . As homoestatic mechanisms are controlled by 
endocrine responses, future studies should assess the roles of renin – 
angiotensin  system, vasopressin and   ACTH . 
The measurement of commonly used clinical parameters may 
not be useful in quantifying acute haemorrhage in mammals. Studies 
on animals have indicated that haemorrhage may induce marked 
disturbances in acid–base balance, depending on the severity of 
bleeding (Waisman et al.,1993 ; Alfaro and  Palacio, 1993). Therefore 
future studies should include measurements of arterial base deficit 
(ABD), venous pH and arterial bicarbonate in monitoring and 
quantifying blood loss. 
The current studies indicate that  splenectomay rendered the 
goats more susceptible to specific protozoal infections and 
Anaplasmosis  was implicated in mobidity and mortality of some 
animals. The impact that splenctomy exerts on the immume 
competence is not fully resolved. To understand more fully the role of 
the spleen in the mammalian immune system, the acute and chronic 
effects of splencctomy on the distribution and number of peripheral 
blood leukocytes subsets and immunological responses should be 
examined. 
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